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PREFACE 



Having had occasion in my own practice to in- 
vestigate the information which of recent years 
has become available to engineers, through the 
researches of chemists and biologists, in relation to 
Water Supply, Sewerage and Sewage Disposal, I 
have thought that a concise summary of the most 
important data would be useful. I have confined 
this book as far as possible within the limits of data 
in connection with works of Sewerage and Sewage 
Disposal, although in dealing with River Pollution 
and Filtration of Impure Water, the allied subjects of 
Water Pollution and Sewage Purification necessarily 
overlap. In fact, the functions of micro-organisms, 
which affect the consideration of both, must be well 
understood by engineers who have to advise in 
regard to them. 

I have also summarised the chief conditions 
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requiring to be complied with in the drainage of 
houses and in the sewering of towns. The calcu- 
lations of flow in sewers are also dealt with, and 
the diagram, at the end of the book, of discharges 
and velocities in oval and circular sewers will enable 
results to be rapidly scaled. 

HENRY ROBINSON. 



13 Victoria Street, Westminster, 
London, S.W. 

January 1896. 
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SEWERAGE 



AND 



SEWAGE DISPOSAL. 



CHAPTER I. 
HOUSE DRAINAGE. 

The most important points for practical guidance 
in reference to house drainage are as follows. 

The subsoil of a building should be drained, if 
it is a damp one, and the drains (necessarily open- 
jointed ones) should not connect with a cesspool, or 
sewer, so as to bring foul gases under and around 
the house. A dry area should be made to prevent 
damp coming through walls into rooms below the 
ground level. If this cannot be done, a hollow 
wall will prevent damp passing through, as a damp 
course will prevent it passing up. A layer of con- 
crete under the whole basement is desirable, to 
avoid the possibility of subsoil moisture and foul 
gases passing into the house. 

House drains should be effectually trapped from 
the main sewer, and the trap should be placed as 

B 
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far from the house as possible, with a fresh air inlet 
on the house side of the trap to ensure a current of 
air passing through the house drain up the soil pipe. 

House drains should not be less than four inches 
in diameter. They should not be laid under buildings 
if possible. If they cannot be laid outside, then at 
least six inches of concrete should be placed round 
them. Even when they are outside it is best to lay 
them on a bed of concrete. 

When house drains are laid under buildings pro- 
vision should be made for ventilation at both ends ; 
that is, there should be a current of air through 
the drain. When the house j drain has too flat a 
gradient a Field's automatic flush tank should be 
placed at the head of it to prevent deposits forming. 

The cistern for a water-closet should be distinct 
from that for supplying water for dietetic purposes. 
The flush should be three gallons, conveyed by a 
pipe not less than li inches internal diameter. The 
three gallons flush is greater than has hitherto been 
employed as a general rule, but it is considered 
desirable to adopt this to ensure the complete 
cleansing of the closet and soil pipe, as well as to 
ensure the removal of the filth from the house drain 
to the sewer. The greater flush is objected to by 
those who aim at minimising the consumption of 
water, but the avoidance of the unhealthy condition 
inseparable from too small a flush, should prevail 
over economy in water consumption. The trap of 
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a closet ought to be ventilated to the open air to 
prevent the water seal being syphoned out. 

Rain-water pipes should be cut off from direct 
communication with the drain, and should dis- 
charge on to a trapped gully. Waste pipes from 
baths, sinks, lavatories, &c., should be taken through 
the external wall and discharged into a channel 
leading to a trapped gully. Only excremental filth 
from closets or stool sinks should discharge into the 
soil pipe. 

The soil pipe should be at least 3^ inches in 
diameter, and should be outside, and not inside the 
house. It should be continued full bore, without 
bends, above the roof, and away from windows or 
chimneys, to prevent foul gases passing into the 
house. 

Water-closets should be placed so as to have 
one side next an external wall, with a window 
opening to the outer air, and with provision for 
ventilating the closet, which should not' be ap- 
proached directly from any room used for human 
habitation. 

The connection between soil pipes and drains 
should be by an oblique junction in the direction 
of the flow. An inlet for fresh air should be pro- 
vided between the soil pipe and the disconnecting 
trap to the main sewer. 

House drains should be tested to ensure their 
being watertight; The sewer end should be closed 

B 2 
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temporarily, and the drain filled with water standing 
(by a temporary vertical pipe) a few feet above the 
level of the house end. When the soundness of 
the work has been ascertained by the water level 
not falling, the drain can be covered up. The con- 
nection between a house and the sewer should be 
inspected and certified by a competent person before 
the ground is closed. 

The construction of house drains is dealt with 
hereafter when considering the construction of stone- 
ware sewers. 

A certificate from the local sanitary authority 
should be required before a house is deemed fit for 
human habitation. It should be held as important 
for a house to be wholesome before it is let or sold, 
as for food to be wholesome, and inasmuch as there 
exist statutory powers under which food that is 
unfit for consumption is condemned and destroyed, 
why should there not be similar legislation to meet 
the case of house property that is unfit for habita- 
tion ? 

In the United States, legislation has made it 
a penal offence for bad plumbing to be done in a 
house. Considering the injury to health which 
results from the work of the plumber being executed 
negligently, some such legislation would be useful 
in this country. The granting of certificates to 
plumbers is a step in the right direction. 



CHAPTER II. 
MEMORANDA. 

A GALLON of water weighs lo lbs. 

I cubic foot of water weighs 62*4 lbs. and = 
6 • 2 3 gallons. 

I cubic inch weighs '036 lbs. and = '0036 
gallons. 

I cwt. = I • 8 cubic feet = 1 1 • 2 gallons. 

I ton = 35'9 cubic feet = 224 gallons. 

One inch in depth of sewage over an acre of 
land is equivalent to — 

10 1 tons, 

or 22,620 gallons, 

or 3630 cubic feet. 

The average total dry matter in sewage varies 
in different countries. In Messrs. Rafter and Bakers 
work on American Sewerage they give the following 
table : — 
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Constituents of Sewage. 



1 Dissolved 
' Matter. 


Suspended 
Matter. 


Total dry 
Matter. 


2000 lbs. Boston sewage 

2000 lbs. Worcester sewage . . 

2000 lbs. Berlin sewage . . 

2000 lbs. sewage, average o{\ 
50 English towns . . . . I 


1*179 

0-507 

1-578 
1-444 


o*747 
0*423 
o* 102 

0*894 


1*926 
0*930 
1*680 

2-338 


Organic 

Inoreranic 


0-276 
1*146 


0*603 
0*778 


0*879 
1*924 






1*422 


1-381 


2*803 



From the researches of WolflF and Lehman the 
following data are tabulated : — 

Weight in Pounds of the Solid and Liquid Excrements of 
A Mixed Population of 100,000 Persons for a Year. 



Population, by Sex 
and Age. 



37,610 men 
34,630 women. . 
14,060 boys . . 
i3»70o girls .. 

Totals . . 



Faeces. 



Total. 0'-gani<: 
Nitrogen. 



4,521,664 52,416 

1,237,040 28,000 

1,239,504 20,496 

274,736 6,270 



7,272,944107,182 



Phos- 
phates. 



98,672 

30,038 
18,122 

4,032 



150,864 



Urine. 



Total. 



Organic 
Nitrogen. 



Phos- 
phates. 



45,217,782 

37,458,512 

6,423,670 

5,041,344 

94,141,308 



452,144 183,456 

297,136' 151,648 

53,872 24,304 

40,320 19,152 



843,472 378,560 
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Weight in Grains of the Solid and Liquid Excrements 
PER Person per Day, and the Organic Nitrogen and 
Phosphates contained therein. 





Faeces. 


Urine. 


Sex and Age. 


Total. 


Organic 

Nitro; 

gen.' 

27 
16 
29 

9 


Phos- 
phates. 


• 

Total. 


Organic 
Nitro- 
gen. 


Phos- 
phates. 


Men . . 
Women 
Boys .. 
Girls .. 


2,315 
694 

1,698 

386 

1,273 


50 
17 

6 


23,148 
20,833 

8,796 
6,944 


231 
166 

73 

57 


94 
85 

33 
27 


Means .. 


20 


25 


14,930 


132 


60 



Weight in Pounds of the Solid and Liquid Excrements 

PER Person per Year. 



Sex and Age. 



• « . . 




Men . 
Women 
Boys 
Girls . . 

Means . . 



Total. 



Organic 
Nitro- 
gen. 



120-45 ' 1*39 
36-08 I 0-8o 
88-33 ' 1-51 



Urine. 



Phos- 
phates. 



2-62 1,204-5 
0-86 1,083-9 
l'29 ' 457-7 



Organic pj^ 
Nitro- 



gen. 



phates. 




20-07 0-46 I 0-29 361-3 2-95 I 1-40 



12-04 
8-61 



5-28 
4-38 



3*79 i 1*73 



1-04 



I -26 



777*68 6-85 I 3-20 
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OP Analyses of London Sewage 
W. J. DiBDiN IN 1883. {Parts per 100,000.) 



Dissolved Solids. 



h 



Suspended Matter, 



^ 



4i'6i9"S, 



88 ■ 3 60-9 27 ■44' i6 -533 i; 

' I 
7g-4Si-(5 27'9S'o5 "5841: 

■ I ! M 

83- 9 56- 2 27 -7 4' 60 '553 15 -a' 39-6 iS- I'ai -4 
ioo-o67-o33-o ■• ■■ ■■ 100-O46-OS4-0 



Composition of the Sewagi: Experimented upon 
Massachusetts, for Four Years. (Purls pa- ioo,qoo.) 



r 


Free 




moni.. 


1 n 


Bacteria 


[ 


Aminociii 


Totil. 


Soluble. 


Insoluble 


Cemi- 


\ 


■•55=8 


■6878 


•1611 


■5267 


1 1 

5'i9 ,. 1,000,000 


^ 


■■8439 


'5540 -2909 


•263, 


4-92 .. 708,000 


t 


I-S200 


•6862 j -3805 


■3057 


5'4S, 3'2S 1.085,000 


t 


2=156 


■729s 1 "3446 


•3849 


7-37 3-64 693,000 




■■859. 


•6644 


■2943 


•370I 


5-73 3'44 


871,000 
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Experiments with sewage have been carried on 
at the Lawrence station of the Massachusetts State 
Board of Health, and are referred to hereafter. 
The table on page 9 gives the composition of the 
sewage experimented with. 

The first report of the Rivers Pollution Com- 
missioners contains the following table : — 



Average Composition of Sewage of English Towns, 

{Farts per 100,000.) 





Total Solids in 
Solution. 


Organic Carbon. 


Organic 
Nitrogen. 


Ammonia. 


Total combined 
Nitrogen. 


• 

•n 


Suspended Matter. 


Classes of Towns. 


17-81 
24-18 


• 

u 
to 




• 

'3 
** 




Midden towns 
Water-closet towns 


82-4 
72-2 


4-181 
4-696 


1*975 
2*205 


1 

5*4356-45i 

6-7037-728 

1 


"•54 
IO-66 


21-30 
20-51 


39*1 
44-6 
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CHAPTER III. 
SEWERAGE. 

In calculating the volume v/hich the sewers in a 
town have to carry off it is important at the outset 
to decide whether the large bulk of the rainfall can 
be excluded from the sewers. 

Much of the difficulty which attends sewage dis- 
posal arises when the outfall sewer is made to con- 
vey also the whole of the rainfall. This ought not 
to be the case where avoidable, as the separation of 
the rainfall — or at all events of a considerable part 
of it — enables the sewers to be designed so as to 
be self-cleansing, and the sewage which is removed 
by them is brought to the point of discharge in a 
fresher state than is possible where the sewers are 
calculated to convey the larger volume, as they 
become sewers of deposit in dry weather. In wet 
weather the decomposing sewage is flushed away to 
the outfall in a state which is unsuitable for utilisa- 
tion on land, or for treatment with chemicals. The 
exclusion of the bulk of the rainfall is of great 
importance where the sewage has to be pumped. 

If separate clean water sewers can be provided 
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to carry off the bulk of the rainfall to th6 natural 
watercourses, the volume of sewage passing into the 
sewers will not be subject to the wide fluctuations 
that are unavoidable when all the rainfall enters. 
That which is admitted should be limited, if possible, 
to the rain falling on roofs, yards, courts, back areas, 
paved surfaces, &c., which become highly polluted in 
large towns. The separate system is not applicable 
ever)nvhere, and much consideration requires to be 
given to the circumstances of each case. 

Sewage, including rainfall from roofs, yards, &c., 
may be taken at about six cubic feet per head per 
day, of which one-half would be discharged in six 
hours. That which flows off beyond this amount 
(which will be a variable quantity) should be carried 
off by separate sewers, or by storm overflows. A 
rainfall at the rate of 12 inches in an hour was 
gauged in 1878 by Mr. Symons at Camden Town, 
but it lasted only thirty seconds. In September 
1895, he gauged '54 of an inch in five minutes, and 
I inch in ten minutes. Much, however, would be 
either absorbed or evaporated, or would not reach 
the sewer at the same time. 

The first flow off town roads with much horse 
traffic (however good the scavenging may be), is very 
foul, and should be carried to the outfall. After 
this has passed away the subsequent volume is com- 
paratively clean water, and may be discharged by. 
storm overflows, which act either by relieving the 
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sewer when the level of the sewage reaches a certain 
height, or when the sewage shoots over a weir after 
a certain velocity has been attained. These prevent 
the sewer from getting under pressure, when the 
house drains become gorged. In calculating the size 
of a sewer the volume that has to be dealt with in a 
limited time governs the whole matter. One inch 
of rainfall an hour would represent 3630 cubic feet 
per acre of surface per hour. This quantity, how- 
ever, flows off the whole area at different rates 
according to the condition of the surfaces, and the 
possibility of a sewer having to receive the maxi- 
mum rainfall, is confined to small areas, the calcula- 
tions for which would apply to tributary sewers and 
not to outfalls. 

The Royal Commission on Metropolitan Sewage 
Discharge reported in 1884 that 75,251 acres repre- 
sented the area sewered, the population on which 
was 2,656,000, the number varying from 7*3 to 253 
per acre, and the volume varying from o • 04 cubic 
feet per acre per minute to 0*83, the average maxi- 
mum being ' 14 cubic feet per acre per minute. It 
has been estimated that there are on an average 
1800 people per mile of sewer in London. At 
Berlin, the population density varies from 220 to 25 
per acre. The smaller figures of course apply to 
suburban parts. The Lower Thames Valley Main 
Drainage Board was constituted on the basis of the 
several districts contributing 250 gallons per day per 
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inhabited house in the district, which, at six peqple 
to the house, represents 40 * 2 gallons per head. 

In designing new sewers for Edinburgh, the rule 
adopted was to provide for a discharging capadt}' 
equal to 42 gallons per head per diem (allowing for 
two inches of rainfall), one-half passing oflF in eight 
hours. The capacity of the sewers under these 
conditions has not been overtaxed. 

When the volume that the sewers have to deal 
with has been calculated, it is usual to estimate that 
about half the maximum daily flow will have to be 
carried off in about six hours, or about 8 per cent, 
per hour, but this of necessity will vary with the 
conditions of the district sewered. For instance, the 
tributary sewers of a large town will deliver their 
sewage into an arterial system at times varying with 
their proximity to, or remoteness from, the main 
sewers, and also with the gradients. In other words, 
an arterial sewer may be compared to a main line 
of railway which can serve a succession of trains 
from branch lines if they follow each other at 
intervals, and do not come with a rush. 

Taking half the nlaximum daily flow as pass- 
ing off in six hours, the sewer should be calculated 
so that with this volume it would run about two- 
thirds full. 

It is necessary to obtain sufficient velocity of 
flow to cause the solid suspended matters to be 
carried onwards. The following useful observa- 
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tions of bottom velocities were made by the late 
Mr. Beardmore : — 

30 feet per minute will not disturb clay with sand and stones. 

40 „ w^ill move along coarse sand. 

60 „ will move fine gravel size of peas. 

120 „ will move rounded pebbles i inch diam. 

180 „ will move angular stones if inch diam. 

These have led to the opinion that in a large 
sewer a velocity of 2i feet per second should be 
obtained when it is running one-third full, 2\ feet 
per second running one-half full, and 3 feet per 
second when running three-quarters full, to make 
the sewer self-cleansing, that is, to enable the 
sewage to carry forward the solid matters that 
would remain deposited with a less velocity. The 
velocity should at no condition of flow be less than 
2 feet per second. 

The bottom velocity is that which cleanses the 
sewer of deposits. The velocity of the surface 
sewage is the greatest, and of the bottom layer iS 
the least. This is sometimes taken in the pro- 
portion of 3 to 5, with a mean of 4. It must, 
however, be remembered that this cannot be a 
constant relation, inasmuch as the bottom velocity 
will be greater with a shallow flow than with a 
deeper flow, owing to the fact that the velocity at 
the surface of the former will be greater than it 
would be if the sewage flowing at that level had a 
volume above it. The difference between the mean 
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velocity and the bottom velocity is greater, there- 
fore, as the depth of sewage increases, or, in other 
words, is greater with a deep flow than with a 
shallow one. 

Where a sewerage system has to be designed to 
meet the future requirements of a district which at 
the outset is only partially developed, the volume 
that will be delivered into the sewers at first will 
be only a fractional part of that which the sewers 
will have ultimately to carry. Where these condi- 
tions exist, provision must be made for automatically 
flushing the sewers, otherwise they will become cess- 
pools. Where dead ends are unavoidable, care should 
be taken to flush them to prevent deposits forming. 
Although sewer air will be offensive, even when a 
system of sewers is free from foul deposits, it is 
better for it to escape and be diluted by admixture 
with the outer air than for it to be confined in the 
sewers. What is required is a constant change of 
air in the sewers. This is produced to some extent 
naturally by the rise and fall of the sewage at periods 
of maximum and minimum flow. Where possible, 
it is most desirable to effect a movement of air in 
the sewers by means of pipes carried up trees, sides 
of houses, or into factory chimneys. Where this can 
be done the ventilating outlets in the roads would 
not let out foul air but would become inlets for 
fresh air. 

When sewage has to be pumped to distant 
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points the rising main should be calculated, so that 
the velocity of sewage flowing in it is sufficient to 
prevent the solids depositing in it. 

Where sewage is discharged in tidal water with 
the outfall either wholly or partially tide locked at 
high tides, provision has to be made for storing the 
sewage until the tide falls. In cases where such an 
outfall sewer receives storm water the storage cham- 
ber may be a very costly work. An alternative 
method of dealing with this temporary excess is to 
lift it by centrifugal pumps the few feet necessary to 
discharge it above the top of the tide when there is a 
coincidence of a high tide and a heavy rainfall. Such 
an arrangement, however, requires to be worked 
almost automatically, as the coincidence may happen 
only once a year, and then in the middle of the night. 

In designing a sewerage system, consideration 
must be given to the ultimate destination of the 
sewage, and a calculation of the volume of sewage 
that the sewers will have to receive, having due 
regard to the admission or exclusion of the bulk of 
the rainfall, and so as to minimise pumping. 

Sewers should be laid in straight lines and with 
true gradients from point to point, and at each 
change of direction there should be either a manhole 
or a lamphole to the surface at about 100 yards 
apart, for the purposes of inspection, ventilation, 
removing obstructions, and flushing. The sewage 
should be carried through these in a curved channel. 

c 
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A sewer should, if possible, be laid in the middle 
of a road within lOO feet of the houses to be drained, 
to enable house junctions to be made with equal 
facility, and these junctions should be curved in the 
direction of the flow. 

A tributary sewer or drain should not join a 
main sewer at its invert, but with a fall to prevent 
the sewage in the smaller sewer being headed back 
with consequent risk of deposits forming. If the 
tributary sewer joins at a higher level it should be 
by a tumbling bay consisting of a series of steps 
formed to break the fall. 

A system of sewers should if possible be con- 
nected throughout to produce the best circulation of 
air, and to avoid dead ends. 

House junctions should be left as the sewers are 
laid (the positions being carefully recorded), and 
these should be closed till used, to prevent the 
admission of subsoil water to the sewer. 

When the surface water from roads, &c., is 
admitted to the sewerage system, the position of 
gullies requires to be well arranged to avoid flooding 
the roads during storms. 

If the gradient df a sewer is too flat to ensure 
a self-cleansing velocity, artificial flushing must be 
provided for either by penstocks in the sewer, or by 
automatic flush tanks connected with it, similar to 
the provision made where a sewer is laid in at 
partially developed district by which in the first 
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years of its use the volume of sewage passing into it 
is only a part of that which it is designed to carry 
ultimately, as already stated. 

The Model Bye-Laws issued by the Local 
Government Board in 1877 state that **no drain 
shall pass under any building except where any 
other mode of construction may be impracticable." 
This is relied on in support of combined drainage, 
althouo^h it refers to the avoidance of drains under 
a house where they can be laid along a passage. 

Combined back drainage consists of a drain 
which receives the sewage from several houses and 
conveys it to the public sewer. 

The owner of any house drained on the combined 
system may do something which causes interference 
with the common drain, thus affecting injuriously 
some other house. Where each house has a separate 
drain the owner can more readily deal with any 
difficulty (such as obstruction, flooding, &c.), than 
where he is connected with a combined system. It 
has been held that a combined drain is a public 
sewer maintainable by the public authority. This 
decision involves the acceptance by the authority of 
combined drains, however badly constructed, and an 
amendment of the law appears necessary in the 
interests of the ratepayers, who are thus paying the 
cost of remedying jerry builders' bad work. 

Stoneware pipes can be used for sewers up to 
about 15 or 18 inches in diameter. Beyond that 

c 2 
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siz€ sewers are generally made of brickwork, as the 
handling and jointing of pipes of large size results in 
their costing as much as brick sewers. Stoneware 
pipes should be made of good vitreous material 
having a clear ring when struck, and having strength 
to stand shocks and strains. They should be well 
burnt at a high temperature with a salt glaze which 
permeates the body of the pipe and renders it 
impervious. They can be tested for impermeability 
by closing the lower end and filling the pipe with 
water. Any lowering of the water will disclose 
defects. By drying a pipe and weighing it, and 
putting it in water for a while and re-weighing it, 
a test can be made of impermeability. 

The joints of ordinary stoneware pipes should 
be carefully made so as to be watertight. This 
requires certain well-known conditions to be en- 
forced. The bed has to be prepared on which to 
lay the pipes, with spaces taken out to receive the 
socket, so that the whole length of the barrel is 
supported. Where the ground is not thoroughly 
sound and solid, a bed of cement concrete (about 
6 inches thick) should be laid at the bottom of 
the trench, with similar spaces for the socket. 
This layer of concrete can be carried up after 
the jointing is finished, so as partly or wholly to 
encase the pipes, according to circumstances. 
After the end of one pipe has been placed in the 
socket of the other it should be butted home and 
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tarred gaskin caulked up to the face. The joint 
is then completed by filling the space with cement 
finished off neatly by a fillet outside. Either neat 
Portland cement or half clean sharp sand and half 
cement can be used, but not clay. A properly made 
joint depends first on the pipes ^butting home, then 
on the gaskin being caulked up to the face of the 
socket, and lastly, on the ring of cement beiog of 
equal thickness all round. There is no work that 
requires more skill in carrying out, or more watchful 
supervision. 

There are means of jointing stoneware pipes 
other than the ordinary way which has been de- 
scribed. The earliest departure was the Stanford 
joint, which was formed by the contact of two conical 
surfaces cast outside the ends and inside the sockets 
of the pipes. The surfaces when in contact were 
relied on to make a watertight joint, and were found 
of service where sewers had to be laid in ground with 
much water. Such joints require the sewer to be 
much supported, as any settlement draws the joint. 
Improvements have been made on this by casting the 
ends of the pipes with annular rings on both spigot 
and faucet. These can be filled with liquid cement 
poured in through holes in the top without risk of 
its being washed out or disturbed as is the case with 
ordinary cement joints. The '' Hassall " was the 
first joint based on this principle, and it has been 
largely used with good results. Other joints with 
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the same object in view have been designed by 
Sykes, Doulton and Archer. 

A stoneware pipe sewer (and house drain) should 
be well supported on a bed of concrete wherever the 
ground is not sound, as no settlement or disturbance, 
either vertically or laterally, must occur. Where the 
ground is very bad, and much concreting is required, 
it is often best to adopt iron pipes. The cost may 
be greater, although this is not invariably the case, 
but the result is more certain. 

In the construction of brick sewers, only well- 
burnt and well-shaped bricks should be used, and 
they should be well soaked to prevent their ab- 
sorbing the water from the cement. The sewer invert 
should have a smooth and hard, surface to diminish 
friction, and to prevent erosion. Blue Staffordshire 
bricks, glazed fireclay bricks, or hard blocks well 
glazed on the surface, are generally used for inverts. 
The bricks should be radiated to suit curves so that 
no more mortar is used than is necessary to make 
the joint. The mortar should be made of one part 
best well-seasoned Portland cement to one of clean 
sharp sand. Good hydraulic lime or blue lias lime is 
sometimes used. The materials require great care 
in selecting, and the mortar should be used as soon 
as mixed. Brick sewers are sometimes built in 
sections in wooden moulds. 

The internal dimensions of egg-shaped sewers 
are generally determined as follows : — 
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If D = internal depth of sewer (i.e. from crown 

of arch to surface of invert) ; 

R = radius of crown of sewer ; 

r = radius of invert of sewer ; 

X = radius of sides of sewer (i.e. the curve 

joining the crown and invert) ; 
then 

D ^x\ 

R = ^; 

3 
D 

3 

The oval culverts referred to in the diagram at 
the end of the book are of this form. 

In some cases r is taken at \ of D, where the 
sewer has to convey at times only a very small 
volume of sewage, as the contraction of the invert 
tends to prevent deposits by increasing the depth of 
sewage, and consequently improving the velocity. 
If the volume of sewage is subject to great fluctua- 
tion, so that at times it is very small, the egg-shaped 
or oval sewer is preferable to the circular. As the 
velocity varies as the square root of the section 
divided by the wetted perimeter it diminishes greatly 
with the depth of the sewage flowing. In dry 
weather there will be the minimum volume and the 
maximum solid suspended matter, so that it is de- 
sirable then to have the maximum depth and scour- 
ing effect. Where the sewage generally half fills the 
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sewer, the oval shape loses this advantage, and the 
circular shape is cheaper to make, whilst it is 
stronger. 

The thickness of sewers varies with the size, the 
nature of the ground, and the depth. A \\ inch 
ring of brickwork suffices for the smaller sizes in 
good ground. In larger sewers the thickness varies 
from 9 inches upwards. The thickness can be 
calculated by the formula 

D X R 



I GO 



= thickness of brickwork in feet, 



where D = depth of excavation and R = external 
radius of sewer. 

Where the nature of the ground requires it, a 
brick sewer should be strengthened by partly or 
wholly encasing it with cement concrete ; and if there 
are several rings of brickwork a ** collar joint " of 
cement about an inch thick between each ring en- 
sures the watertightness of the work. The joints 
of brickwork should not be too thick, the faces being 
not more than \ of an inch apart. The trowel should 
be passed over the mortar to increase its density. 
The work ought not to be exposed to contact with 
water until it is well set. In very wet ground a 
subsoil drain should be placed under the trench to 
take away the water to the pumps, instead of its 
running at the bottom of the trench to the pumps. 
If the sewer is made where any settlement of build- 



t : 
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ings may occur, great care should be taken to well 
timber the trenches, and even to leave the bulk of 
the timber in, rather than to run the risk of sub- 
sidence. 

Some very good sewers have been made entirely 
of concrete consisting of six parts gravel and sand 
free from earthy matter to one part of Portland 
cement. The invert of the sewer is first built, then 
concrete is well rammed behind a mould with a 
smooth surface (formed of sheet zinc or other 
materials) and the top of the sewer is turned upon 
centres. If the interior is well rendered with cement 
a good sewer can be made, provided the best well- 
seasoned cement and perfectly good materials are 
employed ; otherwise, concrete is liable to crack. 



26 SEWERAGE AND SEWAGE JDISFOSAL. 



CHAPTER IV. 
FORMULA FOR FLOW IN SEWERS. 

In the authors book on * HydrauHc Power and 
Hydraulic Machinery' * the question of the flow of 
water in open and closed channels is fully entered 
into, and formulae are given which were arrived at 
by Mr. Edgar Thrupp, the author's chief assistant, 
based on the results of experiments of his own and 
of a great many observers made during the last 
forty years and up to the present time. 

Temperature has an influence on the flow of 
water, but it may be neglected in general practice. 
The following formula and coefficients apply to a 
temperature of 50° F. 

V = -^'- ■ 

where 

V = the mean velocity in feet per second ; 

R = the hydraulic radius in feet ; i.e., 

area of water 
wetted perimeter ' 

* Chas. Griffin & Co., London, 1893. 
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S = the cosecant of the angle of inclination 
of the hydraulic gradient = ^ ; 

C = a coefficient representing the roughness 
of the surface. 

The index x, the root n, and the coefficient C 
depend on the nature of the surface of the channel. 

For brick sewers in good' condition the value of 
the index;*; = '61, ;^ = 2, and C = '007746. 

For cement rendering C = * 004, n := i ' 74, and 
^ = -67. 

The formula for brick sewers therefore becomes 

V - -^'1 

cVs 



It may be useful to some to work out a case. 
Applying the formula to a brick sewer 3 feet in 
diameter, and with a fall of i in 1 000 : 

1st. Running full : 



V= 'Jl 



'61 



•007746 V 1000 

= 3*42 feet per second. 

The discharge from the sewer will be the product 
of the velocity and water area, which for the sewer 
running full (the area of water being 7*0686) is 
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Discharge = 3*42 x 7*0686 

= 24*2 cubic feet per second. 



2nd. Running f full : 



V = 



'905*" 



• 007746 \/ 1000 
= 3 • 84 feet per second. 

Area of water in a 3-foot sewer | full = 5*6866. 
Discharge = 3*84 x 5*6866 = 2 1 • 8 cubic feet 
per second. 

3rd. Running | full : 



•007746 J 1000 
= 3 • 75 feet per second. 

Discharge =3-75 x 5*0058 = 18 '8 cubic feet 
per second. 

4th. Running \ full : 

V = (same as full) = 3*42 feet per second. 

Discharge = 3*42 x 3*5343 = 12*15 cubic feet 
per second. 

If the sewer was of cast iron the same formula 
would of course apply, but the coefficients would be 
different. Thus for new cast iron C = * 005347, 
^ = I *85, ^ = '67. For old cast iron C = * 01 71 15, 
n -=- 2y X ^ '66. 
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The discharge from a circular sewer running full 
can be determined by the following formula : 

O -— ^ • 

-^ P>C/S' 

Where 

Q = discharge in cubic feet per second ; 
D = diameter in feet ; 

P = coefficient in the place of C in the formula 

for velocity. 

The 2 added to x in the index of D is due to 
the variation of the area being in proportion to the 
square of the diameter. 

The relation between P and C in the two 
formulcE is 

P = C X -^ X 4(* + ^\ 
00 

The coefficient P has a value •022965 for brick- 
work in good condition. For cement rendering it 
is •012891. For new cast iron it is •01723. For 
old cast iron it is •03353. 

A diagram is given at the end of the book by 
means of which the velocities and discharges from 
circular and oval sewers can be directly read. It 
is plotted from the above formula, the horizontal 
scale representing log S and the vertical scale log Q. 
The natural numbers are, however, written against 
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them. One set of sloping lines refers to the dimen- 
sions of culverts, the other ^et to the velocities of 
flow. 

Applying the diagram to the case of the 3-foot 
circular sewer with a gradient of i in 1000 running 
full, the diagonal line with 36 inches against it in the 
column of diameters of circular sewers should be 
followed until it meets the vertical line marked 
1000. The diagonal line for velocity passing through 
this point will be found to read a little over 3*4 (as 
compared with 3*42 by the formula), and the 
horizontal discharge line reads a little over 24 on the 
scale of discharges for circular sewers (as compared 
with 24* 2 by the formula. 

For egg-shaped sewers, the diagram is used in 
the same way, but the internal height must be found 
in the column of heights of oval sewers, and the 
discharges read on the vertical scale of discharges 
for oval sewers. Thus for a 4-foot oval sewer with 
a gradient of i in 1000, the velocity is 3*52 and the 
discharge 29*0 cubic feet per second. 

The various hydraulic radii are also marked 
against the sloping lines, so that the velocity in a 
culvert of any shape may be found from the diagram 
when the hydraulic radius is known. 1 

For ascertaining the velocity and discharge when 
the sewer is not running full, four graduated scales 
are given at the bottom of the diagram. 

The velocity and discharge having been found 
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by means of the diagram for any particular sewer 
running full, these scales supply a means of obtain- 
ing the discharge and velocity, by direct measure- 
ment on the diagram, when the sewer is running at 
any given depth of flow. Thus, to find the dis- 
charge from the 3-foot circular sewer in the example 
given above, when running say ^ full, measure (with 
a pair of dividers) the distance from the arrowhead 
to '25 (^) on the scale of modifications for dis- 
charges — circular culverts. This distance must then 
be set off from the point on the vertical scale 
corresponding to the discharge when running full to 
arrive at the required discharge. 

In the example, the distance will be set off from 
24*2 downwards to 3*4 cubic feet per second. 

The scale of modifications for velocities is applied 
in a similar manner to the (inclined) scale of velo- 
cities on the diagram, the measurements being set 
off down to the right or up to the left according as 
they are taken from the — or + side of the arrow- 
head. 

In the example, the distance will be set off from 
3*42 downwards to the right to 2*48, which is the 
required velocity in feet per second. Similarly, when 
the same sewer is running '6 full, the velocity is 
3*67 feet per second. 

For the 4-foot oval sewer running ^ full the 
velocity is 2*52 and the discharge 3*3, the scales for 
oval sewers being used. 
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The cases when the distance has to be set off 
upwards are as follows : — 

Circular sewers running at depths between full 
and \ full for velocities, and between full and •83 
full for discharges. 

Oval sewers running at depths between full and 
•57 full for velocities, and between full and '875 full 
for discharges. 
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CHAPTER V. 
RIVER POLLUTION. 

The Public Health Act of 1875 states that nothing 
in the Act shall authorise any local authority to 
make or use any sewer, drain, or outfall, for the 
purpose of conveying sewage or filthy water into 
any natural stream or watercourse, or into any canal, 
pond or lake, until such sewage or filthy water is 
free from all excrementitious or other foul or 
noxious matter, such as would affect or deteriorate 
the purity and quality of the water in them. 

The Rivers Pollution Prevention Act of 1876 
prohibits the passage of sewage into streams, and 
enacts that it shall be an offence to continue the 
pollution. In determining whether or not such an 
offence has been committed, a marked distinction is 
drawn between the cases in which the sewage is 
conveyed into the stream along channels, the con- 
struction of which had not been commenced at the 
time of the passing of the Act, and those in which 
it is so conveyed along channels then already exist- 
ing, or in process of construction. In the former 
case, it will be an offence against the Act for any 

D 
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sanitary authority to cause or permit the discharge 
into any stream of any solid or liquid sewage matter. 
In the latter, an offence will not be deemed to have 
been committed if it can be shown to the satisfaction 
of the court having cognisance of the case that the 
best practical and available means are used to render 
the sewage harmless. The words in italics involved 
difficulties which caused the Act to be practically 
inoperative. 

The late Mr. Michael, Q.C., in a discussion upon 
a paper read by the author at the Parkes Museum 
in 1885, said, "The difficulty in applying to the 
authorities to carry out the law is that they are the 
very persons who are the greatest offenders. A 
small local authority in a district is most likely 
interested in polluting a river by the refuse of 
manufactories, and it is called upon to institute 
proceedings against itself. * Quis custodiet ipsos 
custodes ? ' You can never get any good until 
an authority is so constituted as to take under 
its charge the whole great features of the case, 
until some county or river authority of sufficient 
extent is appointed with ample powers." 

The pollution of some rivers is mainly due to 
manufacturing refuse which can be, to a very great 
extent, avoided by previous treatment of the refuse 
without involving an unreasonable cost to those 
who cause the pollution. As regards the standard 
of purity to be attained before discharging a liquid 



nto a river, it is difficult to arrive at an agreement 
hat will apply fairly to all rivers. 

The words "poisonous," " noxious," or "pollut- 
ing" solid or liquid matter fail to define that which 
causes injury to fish. The late Frank Buckland 
objected to these words in considering the way that 
polluting matter affected fish, and he pointed out 
that a fish is influenced by pollution more through 
the medium of the gills than through the stomach. 
An animal destroyed by prussic acid may be said to 
be poisoned, but fish are destroyed more by suffoca- 
tion, the gills being always found to be the structure 
mostly affected. He noticed that a fish poisoned 
Kby pollution, generally speaking, died with the gills 
Fand mouth widely extended, as if it were gasping 
for breath, the gills being the mechanism by which 
oxygen is absorbed from the water. 

A distinct advance was made by the passing of 
the Local Government Act of i8S8 which gives 
County Councils power to enforce the Rivers Pollu- 
tion Prevention Act, 1876, and which enables the 
Local Government Board to issue provisional orders 
to form joint committees representing interests af- 
fected, and investing them with the powers of the 
Rivers Pollution Prevention Act, 1S76, to deal with 
any river or part of it. 

Under the powers conferred by section 14 of the 
Act of 1888. the Mersey and Irwell Joint Committee 
was constituted in 1891, and more recently a similar 
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board has been formed for the whole of the rivers 
in the West Riding of Yorkshire. In 1893 the 
following important amendment was enacted in 
explanation of section 3 of the Rivers Pollution 
Prevention Act. 

" Where any sewage matter falls or flows or is 
carried into any stream after passing through or 
along a channel which is vested in a sanitary au- 
thority, the sanitary authority shall, for the purposes 
of section 3 of the Rivers Pollution Prevention Act, 
1876, be deemed to knowingly permit the sewage 
matter so to fall, flow, or be carried." 

The Mersey and Irwell Joint Committee ob- 
tained an Act in 1892 which gave them a simpler 
form of procedure than under the Act of 1876, and 
conferred on them the power to fix a specific time 
within which sewage disposal works should be under- 
taken. In 1894 the Conservancy Board for the 
West Riding of Yorkshire obtained an almost similar 
Act. 

This recent legislation indicates the course that 
can be adopted in other places with a view to 
speedily cure the long-felt evils of the pollution of 
streams and rivers, not only by sewage, but by 
manufacturing refuse, the admission of which in an 
unpurified state into sewers often greatly increases 
the difficulty of dealing with sewage at outfall works. 

Section 7 of the Rivers Pollution Act of 1876 is 
as follows : — 
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" 7. Every sanitary or local authority having 
sewers under their control, shall give facilities for 
enabling manufacturers within their district to carry 
the liquids proceeding from their factories or manu- 
facturing processes into such sewers : 

** Provided that this section shall not extend to 
compel any sanitary or other local authority to admit 
into their sewers any liquid which would preju- 
dicially affect such sewers, or the disposal by sale, 
application to land, of otherwise, of the sewage 
matter conveyed along such sewers, or which would 
from its temperature or otherwise be injurious in a 
sanitary point of view : 

" Provided also, that no sanitary authority shall 
be required to give such facilities as aforesaid where 
the sewers of such authority are only sufficient for 
the requirements of their district, nor where such faci- 
lities would interfere with any order of any court 
of competent jurisdiction respecting the sewage of 
such authority." 

There are doubts as to the interpretation to be 
put on this section. In a recent case a sewerage 
scheme for EUand (on the river Calder), proposed 
to provide for 500,000 gallons a day of manufac- 
turers' refuse, the town itself having a population 
of 10,000 persons. The Local Government Board, 
after an inquiry, made the following communication 
to the authority on the 28th June, 1894 : — 

" With regard to the proposed works of sewerage 
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and sewage disposal, the Board observes that in 
addition to the ordinary domestic sewage, estimated 
at twenty gallons per head of the population, it is 
proposed to receive into the sewers trade refuse from 
manufactories, estimated at fifty gallons per head. 
The Board are advised, however, by their chief 
engineering inspector, that this course is very un- 
desirable, as the reception into their sewers of such 
large quantities of refuse, the character of which will 
vary from hour to hour according to the number of 
factories which are discharging their refuse at any 
time, will render almost impossible the proper purifi- 
cation of the sewage at the outfall, and the treat- 
ment which may be successful for this purpose at 
one time may utterly fail at another. The Board 
would therefore suggest that the local board should 
consider the desirability of taking steps to prevent 
the discharge of unpurified trade refuse into the 
sewers." 

It may be mentioned that in Wolverhampton 
manufacturers are compelled to treat their waste- 
water before it leaves their works, and this should 
become more the rule. 

Flood waters have been hitherto relied on to 
cleanse the beds of rivers that have had refuse from 
manufactories or towns thrown into them. The pre- 
vention of the pollution of rivers, however, would 
enable flood waters to be utilised by storage for the 
purposes of compensation to millowners and riparian 
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proprietors, by which the abstraction from a river 
of pure water for domestic purposes would not 
entail, as it often does, the obligation to store it also 
for compensatory purposes at great cost. 

Dr. Percy Frankland, in a paper at the Parkes 
Museum in August 1895, referred to some observa- 
tions he had made over a distance of 40 miles on the 
river Dee, where sewage was discharged at various 
points of its flow. He showed by the rise and fall 
of the number of microbes in the water at various 
points in the river, that although repeatedly polluted, 
it was as repeatedly restored to a state of bacterio- 
logical purity. 

He also referred to the effect of sedimentation 
upon water taken from rivers and stored in reservoirs. 
His observations proved the value of such storage on 
account of the remarkable removal of micro-organ- 
isms which takes place in the process. Experiments 
tiiat he had made with Thames water indicated that 
the adequate storage of water diminishes the risk of 
pathogenic germs, which may have been originally 
present, remaining in suspension, after subsidence 
had taken place. 

He experimented on examples of the three most 
representative types of water supply, namely, the 
Loch Katrine water for Glasgow, the chalk well- 
water of the Kent Company, and the Thames water 
as abstracted from the river by the London com- 
panies, with the following results : — 
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The typhoid bacilli which had been introduced 
into — 

(i) Thames water which had been previously 
sterilised by heat, remained alive for upwards of 
32 days ; 

(2) Loch Katrine water which had been pre- 
viously sterilised by heat, remained alive for upwards 
of 5 1 days ; 

(3) Deep well water which had been previously 
sterilised by heat, remained alive for between 20 and 
32 days. 

On the other hand, the typhoid bacilli which had 
been introduced into — 

{a) Thames water in its natural unsterile state, 
remained alive for 9 days ; 

(b) Loch Katrine water in its unsterile state, 
remained alive for 1 9 days ; 

(c) Deep well water in its natural unsterile state, 
remained alive for 33 days. 

The destruction of the pathogenic germs by the 
other germs is apparently caused either by the latter 
consuming the food which the former require, or by 
the production by the latter of that which destroys 
the former. It has often been thought that the 
former are devoured by the latter. 

Dr. Percy Frankland does not favour the " de- 
vouring " theory from the fact that in the deep well 
water in which the vitality of the typhoid bacilli was 
the most prolonged, the common Water bacteria 
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multiplied far more extensively than did those in the 
Thames water, whilst in the Loch Katrine water not 
only did no multiplication of the bacteria take place, 
but they actually declined in numbers. Whatever 
is the cause, the beneficial result remains established 
that these disease germs have to face conditions 
in running streams, or storage reservoirs, which are 
most unfavourable to their existence and propaga- 
tion. 

These experimental observations indicate that 
the Thames water, having already supported count- 
less generations of water-bacteria, there exists an 
accumulation in these waters of chemical products 
which are prejudicial to the typhoid bacillus. On 
the other hand, the deep well water is in its natural 
condition not only practically free from bacteria, but 
it has, in its previous history, had no contact with 
micro-organisms, and hence it does not either con- 
tain any of those bacterial products which are 
present in surface waters, such as the Thames, which 
appear to be so antagonistic to the vitality of the 
typhoid bacillus. 

In giving evidence before the Commission on 
London water. Professor Ray Lankester pointed out 
that the bacteria which are most destructive of 
organic matter, and therefore of other bacteria, and 
of the products of bacteria, are the aerobic. The 
last stages of the breaking down of these organic 
matters must be accomplished in the presence of 
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oxygen, and this is what takes place in a well-aerated 
flowing river. 

His conclusions were deduced not only from 
examinations of the Thames water, but of the 
material filtered off from the water, which repre- 
sents that which is contained in large volumes of it. 
He found that three-fourths of the bacteria were 
carried down by subsidence, and this indicated the 
safety of storing large volumes of river water, even 
if it contained bacteria. 

By the addition of sufficient lime to precipitate 
the carbonate of lime in solution (as in water soften- 
ing processes) he considered the complete removal of 
bacteria would be effected ; as cream of lime is one 
of the best destructives of typhoid dejecta. He also 
stated that bacilli multiply to a far greater extent in 
pure than in impure water, and this would result in 
greater mischief if a perfectly pure supply were 
accidentally polluted. This is evidenced by the 
pollution of what he called the " water of excessive 
purity" at Caterham by typhoid dejecta, which 
caused the well-known outbreak there. 

If a sewage effluent that is discharged into a river 
contains suspended matter which can subside, the 
oxidising action of the river is limited to the mere 
surface of the deposit, leaving the part beneath to 
ferment, and thus to be injurious to health by 
liberating sulphuretted hydrogen and other gases ; 
whereas if the suspended matter is removed, and 
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only dissolved matter passes off, the oxidising action 
of the free oxygen in a running stream is able to 
attack and destroy the whole, and to convert the 
organic matter in solution into harmless substances. 
The author is the last to under-estimate the 
importance of preserving water supplies in the 
purest possible condition, but he wishes to combat 
the merely sentimental part of the case, which at 
times may lead to the imposition of grave burdens 
on communities in regard to water supply. No 
efforts should be relaxed to prevent the streams 
from being employed as vehicles for carrying off 
sewage or manufacturing refuse. The standard of 
purity should be maintained high, both from a 
sanitary and aesthetic point of view. This applies 
equally to canals, many of which now constitute 
serious nuisances. 
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CHAPTER VI. 
DISCHARGE INTO THE SEA. 

If a town is situated close to the sea it is sometimes 
considered to be in a more advantageous position 
than inland towns respecting the disposal of sewage, 
as it has only to be discharged into the sea. That 
is not a safe assumption, as the experience of many 
watering-places proves. 

In the Local Government Board Bluebook of 
1876, one of the conclusions arrived at is as 
follows : ** That towns situate on the sea-coast or 
on tidal estuaries may be allowed to turn sewage 
into the sea or estuary below the line of low water, 
provided no nuisance is caused ; and that such 
mode of getting rid of sewage may be allowed and 
justified on the score of economy." It would have 
been better to have further indicated the conditions 
which require to be complied with to prevent a 
nuisance, as it will be found that in a great number, 
if not the majority, of cases the conditions do not 
exist. To avoid a nuisance the sewage must be 
discharged into the sea at a point not only below 
low water, but where there is a well-ascertained 
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current which will carry it permanently seaward. 
A point of discharge complying with these condi- 
tions cannot always be found, and requires to be 
ascertained by careful tidal and other observations. 

Sewage having a higher temperature and a lower 
specific gravity than sea water, rises to the surface. 
If it is not carried seaward quickly, part of the sus- 
pended solid impurities are likely to be deposited on 
the coast, whilst the rest of the suspended impuri- 
ties float on the surface and are carried backwards 
and forwards by every tide, either decomposing 
and liberating offensive gases, or causing a serious 
annoyance to those who may have occasion, from 
business or recreative purposes, to be afloat. 

In some cases, by means of long outfall sewers, 
the sewage is carried away from the place producing 
it to the sea, but they are frequently simply trans- 
ferring the refuse to others, the tide carrying it so as 
to cause mischief and nuisance elsewhere. 

These outfall sewers require careful ventilation, 
as the sewer gases are otherwise liable to be forced 
back into the town sewers at high tides, or after 
storms, often causing foul smells to come up through 
gullies and open gratings, as well as into the houses, 
even if the house drains are trapped from the main 
sewer. 

In order to determine whether the sewage at a 
proposed outfall will or will not be carried away 
seaward, some very simple tidal observations can be 
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made. If floats are thrown in at the point of pro- 
posed discharge, at ebb and flood, spring and neap 
tides, an observer can ascertain fairly well by the 
behaviour of these floats whether the current is 
always seaward. Care must be taken to have the 
float submerged sufficiently, and to have the visible 
portion small enough, to prevent the direction of the 
float being affected by winds, which would tend to 
divert the floats from the real directions of the tide. 
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CHAPTER VII. 
I RRI G A T I O N. 

The purification of sewage by its utilisation on land 
should be carried out in view of the investigations 
which have been made of late years by chemists 
and bacteriologists (referred to in detail under the 
head of Filtration), as a consideration of the data 
thus afforded points to the necessity for better 
methods than have been hitherto adopted on sewage 
farms. 

It is now clearly established that the changes 
that have to take place in sewage to effect purifi- 
cation, or that are necessary to enable the manurial 
ingredients in it to be best adapted to the require- 
ments of plant life, are due to the nitrifying action 
of microHDrganisms. It is essential that the con- 
ditions should be adhered to which favour the 
cultivation of these bacteria, and the operations 
carried out at many sewage farms will have to be 
revised to meet these conditions. Where the land 
under treatment is open and pervious, the most 
solid part of sewage, as well as the dissolved and 
finely suspended organic matters, admit of being 
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liquefied in the interstices of the soil, and of being 
converted into the harmless nitrates and nitrites 
which are so beneficial to plant life. Where the 
land is impervious this can only be partially effected, 
and in such cases the liquefaction of the solids by 
bacteriological influences has to be brought about 
by methods that are described elsewhere, so that 
the fluid that is applied to the land is both free from 
that which would clog the pores, and is at the same 
time highly charged with the nitrates and nitrites 
which are available for vegetation. If they are not 
required by the crops they are in a form that can 
pass away without causing pollution or nuisance. 

Sewage farming has too frequently been regarded 
only from an agricultural point of view, whereas it 
must be treated as a combination of both sanitary 
and agricultural interests. These two, however, 
can only be successfully combined where a sufficient 
area of suitable land is acquired to enable the crops 
cultivated on it to receive the sewage only when 
they want it, at the same time that the sewage is 
purified on other areas when it is not wanted by 
crops. When this cannot be accomplished, the 
agricultural part of the matter must be disregarded, 
and the filtration and purification of the sewage as a 
sanitary necessity should be alone kept in view. 

The reason why sewage farming has been so 
unduly pressed and advocated is, that in the early 
days of sewage utilisation, those who directed public 
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opinion on the question came to the conclusion that 
the full chemical value of sewage could be realised 
by its application to land. 

The fertilising value of sewage, on which so 
many erroneous expectations have been based, has 
been proved to be seriously reduced to the sewage 
farmer by the fact that for sanitary purposes sewage 
must be disposed of day by day throughout the 
entire year, and that the volume to be disposed of 
is generally greatest when it is absolutely injurious 
to the crops. 

As the ammonia in sewage diminishes or dis- 
appears with the distance travelled before it reaches 
the outfall, it is important that the interval of time 
between its production and its utilisation should be 
short, which points to the necessity for its being 
delivered as fresh as possible, and this can only be 
effected where sewerage systems are well designed 
and properly carried out. 

Mr. Warington found that in a clay soil the 
functions of the nitrifying organisms were confined 
to the upper eighteen inches, whereas in a sandy 
soil they would be in active operation at a greater 
depth. Also that the absence of phosphates ad- 
versely affected nitrification. 

The application of lime accelerates the process 
of nitrification, and has been found advantageous to 
plant life where large volumes of sewage are utilised 
for irrigation purposes. On the large sewage farms 

£ 
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of Berlin (hereafter referred to) from one to two and 
a half tons of waste lime per acre have been spread 
over fields which had previously been drenched with 
sewage, and the result was most beneficial. The 
land in this case had a sandy subsoil. 

The most unsuitable soils for sewage purification 
are stiff tenacious clays, peaty or boggy land, and 
certain conditions of coarse gravelly soils, which 
contain hard conglomerate layers often very dense 
and impervious. 

Clay lands can be rendered more fitted for 
filtration by specially preparing the surface to some 
depth by ploughing or digging in ashes or other 
materials. These will convert the impervious 
surface into a more open one through which the 
sewage can sink, and the nitrifying processes can be 
set up. 

Clayey lands, besides being too dense for sewage 
to pass through under ordinary conditions (as when 
wet and waterlogged in the winter rhonths), are liable 
to crack to considerable depths in periods of long 
continued dry weather, when unpurified sewage can 
pass untreated into the subsoil. In many cases clay 
lands have been deep drained by cutting trenches, 
laying agricultural drains at the bottom, and filling 
up with burnt clay, ballast, or other porous material. 
This has resulted in serious failure, as the crude 
sewage has passed down the trenches unpurified and 
away in the underdrains. Where this can possibly 
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occur the effluent from one area must be passed on 
to a lower bed for further treatment. 

In sewage farming the object is to utilise, and 
not to waste the sewage. To prepare the land so 
that it will absorb the sewage uniformly over its 
surface, without flooding or overflowing, is that which 
must be accomplished. This can be done by laying 
out the area in slopes according to the contour of 
the surface, and according to the nature of the soil. 
These slopes will vary considerably, and no rules 
can be given to apply to all circumstances. They 
must be settled by a careful examination of the con- 
ditions, and sometimes by actual trials to determine 
them. Where the land is impervious the slopes 
must be flat, otherwise the sewage will pass over 
without being absorbed. On porous land the 
slopes should be greater to prevent the sewage being 
absorbed unequally. The slopes vary from i in 20 
to I in 120. 

After the sewage is delivered on to the land at 
the outfall it is distributed by main carriers, either 
of earthenware or concrete, or of bricks in cement. 
These are placed in contour, and are regulated by 
sluices and stops so as to command the area to 
be irrigated, the sewage being distributed over the 
surface by carriers made in the ground. Any 
pipe carriers underground which convey the sewage 
from one point to another should be kept low 
enough to prevent disturbance when the surface 

£ 2 
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is being manipulated either with the plough or 
otherwise. 

There are several methods for distributing 
sewage over the surface of land, which are largely- 
regulated by the purposes to which the land is to 
be devoted. 

In the ridge and furrow system the land is 
prepared in beds with ridges about 40 feet apart^ 
having slopes of about 20 feet on either side with 
an inclination (according to the ground) from i in 
50 to I in 150, or even more, if the ground is very 
impervious. The ridges have distributing channels 
so formed that the sewage flows over them down 
the slope of the plot or field to the furrow in a uni- 
form layer or film, and any which is not absorbed 
passes to a lower plot. 

The catchwater system is used more for very 
sidelong and irregular ground. A carrier is laid 
to command the area to be treated, arid the sew- 
age overflows from it at any part by temporarily 
stopping up the carrier. It then passes to a lower 
level where a catchwater gutter, made to the con- 
tour of the land, passes it over a still lower part 
of the area. Main carriers vary in size, but are 
generally about one to two feet wide, and about 
six to ten inches deep. The fall should be about 
I in 500 or I in 600. To properly distribute 
sewage over an area of land requires considerable 
care, otherwise the whole area will not be equally 
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tiosed. What has been said elsewhere about 
underdrains must be borne in mind in arranging 
•filtration areas to deal with as much sewage as 
possible in order to get rid of it without producing 
a foul effluent. 

Italian rye-grass is one of the best crops for 
■sewage, as its capacity for absorption is enormous, 
and it occupies the soil so as to choke down weeds, 
which are a source of trouble and expense on 
sewaged land. The cultivation of a particular 
crop must, however, be adopted with reference to 
the local markets, so as to prevent the loss of the 
produce. Many excellent and valuable crops are 
wasted owing to the consumption in the district 
being less than the supply. 

Osiers are very useful plants to absorb the 
organic impurities in sewage. The American 
water-weed, anacharis, is a very gross feeder, and 
will assimilate great quantities of organic impurity. 
A small area planted with a little of this weed will 
soon become an excellent purifier of sewage. 

There are other plants which are capable of 
absorbing organic impurities, such as duckweed, 
sedges, common reed, flowering rush, white and 
yellow lilies, frogbit, water ranunculus, liverwort 
and watercress. 

Great care is required in conducting investiga- 
tions, whether chemical or bacteriological, in regard 
to sewage treatment. The composition of the raw 
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sewage is continually varying at different times of 
the day, so that comparisons between the sewage 
and effluent require to be made in view of this 
practical difficulty. No reliance should be placed 
on results in which the chlorine in the effluent 
differs materially from that in the raw sewage. 

It is proposed to refer only to two instances of 
sewage farming, namely, one of the oldest cases, 
the Craigentinny meadows near Edinburgh, briefly, 
and one of the most recent, namely the Berlin 
sewage farms. The application of sewage to land, 
and the conditions which govern the whole matter, 
can be best dealt with in considering the chemical 
and bacteriological changes which take place. These 
are fully entered into hereafter, under * Filtration.' 
The results of sewage farming at many towns in 
this country are summarised in a Table on page 65. 
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CRAIGENTINNY. 

The well-known Craigentinny sewaged meadows 
near Edinburgh are composed chiefly of poor sandy 
land. Analyses of the soil, after many years of 
continuous irrigation with large volumes of sewage, 
prove that the sandy area contains only about li 
per cent, of organic matter, and this is due solely 
to root fibres. 

The Craigentinny irrigation farm is described by 
Mr. Fairley, C.E., as having an area of about 236 
acres. These meadows were laid out upwards of 
two hundred years ago, and a part under Italian 
grass and other crops about fifty years ago. The 
subsoil varies between a stiff boulder clay and light 
sands and gravels, the bulk being underdrained 
with 2-inch and 3-inch tile drains laid ten yards 
apart and at a depth of 3 feet. The sewage is 
conveyed along the higher ground by main carriers 
5 feet by 2 feet, delivering into secondary carriers 
2\ feet by 2 feet, which divide the land up into 
|-acre plots. From these secondary carriers small 
leaders and turf drains 12 inches by 6 inches are 
cut, so as to distribute the sewage as evenly as 
possible over the surface of the meadows. ' The 
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effluent is caught by ditches and is used to irrigate 
the land at lower levels. There are other sewage 
farms which are not underdrained, and are con- 
stantly under grass. 

From May until the end of October the whole 
of the sewage, amounting to 800 cubic feet per 
minute, is utilised on the land, each group of plots 
being under sewage about 24 hours once every three 
weeks. In the winter, irrigation is only carried on 
during open weather. A small area of clay land 
not underdrained does not play an important part in 
the purification of the sewage, the great bulk of the 
sewaj^e runs over the surface and deposits part of its 
suspended matter. The presence of these sewage 
n^eadows is considered to have a tendency to lower 
the value of land for building purposes in the im- 
mediate vicinity. Although no distinct nuisance may 
arise from them, their near neighbourhood is not 
free from disagreeable odours, especially in damp 
warm weather. These farms are not worked with 
a view to purify the sewage, but to enhance the agri- 
cultural value of this poor land and to produce crops 
for cow-keepers and dairy farmers. 
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BERLIN SEWAGE FARMS. / 

In a paper read at the Institution of Civil 
Engineers in 1892, Mr. Roechling gives a detailed 
description of the sewerage of Berlin and of the 
sewage farms. 

The census of 1890 gave the population of 
Berlin to be 1,578,794, and its density from 220 to 
25 persons per acre. The rateable value was 
19,182,661/. The town is situated on the sandy 
plains of North Germany, the river Spree running 
through the centre. 

The area of land acquired for sewage farming 
amounts to about 19,000 acres, of which, however, 
only 11,000 were utilised in 1890 for that purpose. 
Of this, 7942 acres were specially prepared and 
treated with sewage. About 2000 acres were 
laid out in rectangular plots for grass, from 5 to 
6 acres each, subdivided into smaller plots of 
\ acre. The rest has been underdrained, and 
laid out in beds or tanks of from 5 to 22 acres. 
This acreao:e is dealt with as four farms, two on the 
north of the Spree and two on the south. Market 
gardeners and small farmers rent some of the 
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land, and in 1889-90, 2224- acres were thus let, 
of which 1890 acres consisted of sewage-treated 
land. 

The following table shows the respective areas 
and cost : — 



Farms. 



Osdorf 

Gross Beeren 

Total of Southern Farms 

Falkenberg 

Malchow 

Total of Northern Farms 

Total 



Acreage. 



Acres 


• 


3,056 




2,362 




5. 


418 


2,382 




3,216 




.-r* 


598 


5' 



11,016 



Price. 



115.357 
43,802 

159.159 



94,208 
192,660 



•286,868 



^^446,027 



The average volume of sewage treated on the 
farms in 1889-90 was nearly 30,000,000 gallons 
daily, including all storm water. This was stated to 
be from 7 to 10 per cent, of the total volume, which 
averages about 23^ gallons per head per day through- 
out the year. 

The sewage is pumped (the lifts varying from 
54 to 115 feet) and is distributed from stand-pipes 
averaging 25 feet high, erected on the highest parts, 
through cast-iron pipes over the farms. Thence it 
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is distributed by ditches from i8 inches to 3 feet 
deep, and again by trenches and furrows to and over 
the plots. 

About 1240 acres represent land permanently 
occupied by roads, buildings, large ditches, &c., and 
about 800 acres for small ditches, carriers and 
embankments, or a total of about 2000 acres non- 
productive, except in respect of revenue from fruit 
trees planted along the roads. 

The cost of preparing the land was 12/. per acre 
of land actually laid out, or 8/. 12^. per acre of the 
whole area. 



Description of Work. 



Distribution of sewage in 
cast-iron pipes 

Laying out land 

Draining land . . 

Total 
Sundry expenses 

Total 
Purchase of land 

Capital expenditure 
per acre . . 



about 



Expenses per Acre. 



Of Land Pre- 
pared. 



Of Total Area. 



» 




13 10 
8 10 
6 o 



o 
o 
o 



28 





4 10 





32 10 





40 10 






;£'73 o o 
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The table preceding gives the capital outlay in 
laying out and draining the farms. 

In the working of the farms, one class of labour 
employed consists of misdemeanants from the House 
of Correction, the cost of each being about 6\d. per 
day, and for purpose of comparison it is estimated 
that seven of these men are equivalent to two free 
labourers at i^. Saf. per day. 

The following table gives information as to the 
average results from 1876 to 1890: — 



Average Daily Quantity of Sewage per Acre, Number 
or Acres per Million Gallons, and Number of 
People per Acre. 



From January i, 1876, 


fo March 31, 


890. 






1''=^ 

a 




Number of 






D< 


Acres for every 
Million Gallons 


Number of 






of Daily Flow 

of Sewage. 
All four fanns 


All furns com- 
bineiJ. 




-3^1 


"s^i 










■s si 








^«H^ 












Ill's 


II? 


of 
Acm»lly 


Acres 

of 
Tolal 


Acre of 
Actudly 
Trealed 


Per 
Acre of 
Tolal 




a 


z 


Area. 




Area. 


■ 


Average . . 


3374 


2C04 


=97 


499 


142 


87 
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The sewage is applied to the land (the sandy 
nature of which must be kept in mind) at periods 
varying from once in 1 1 days to once in 52 days, the 
average being once in 24 days. The sludge goes 
on to the land (other than grass plots) with the 
sewage. Before sewage is applied to grass plots, 
the sludge is removed in shallow catch-pits, as it 
is found that the coating of sludge on the plot 
interferes with the growth of the grass. 

The crops and their rotations vary considerably 
on these farms, and the table on page 61 affords 
data upon this. 

Cereals and oil-producing plants are grown on 
levelled surfaces, and are onlysewaged as long as 
the crops are underground, and the plant is not 
brought into direct contact with the sewage. Roots 
and grass plots are treated with sewage all the year 
round. The seeds are put in with the drill. Deep 
ploughing with steam is in use, as it turns the 
sludge, which remains on the surface of the land 
after irrigation, as deeply as possible into the 
ground. 

The profits on the management for 1889-90 
averaged on all the farms 1*162 per cent, on the 
capital outlay. If repayment of capital be taken into 
account, this profit would have been turned into a 
loss. 

The results of analyses of the raw sewage and 
of the effluents are given in the following table : — 
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Raw sewage- 
Average dnring 
the year .. .. 

Effluent from grass 
plots, broad irri- 
gation—Average 
during ihe year . . 

Effluent from beds, 
filtration- Aver- 
age daring year 

Effluent from tanks, 
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age during the 
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The following table gives a summary of 
results at the Berlin sewage farms for 1889-90. 



summary of the 



Number of Acres for every 
million gallons of daily 
-^ , r^ n flow of sewage. All farms 
^umber of Gallons combined, 

of daily now per 
acre of total area 
of farms. 



2687 



lAcres of actu- 
ally treated 
area. 



268 



Acres of total 
area. 



372 



Number of People per acre. 
All farms combined. 



Per acre of ac- 
tually treated 
area. 



156 



Per acre of 
total area. 



112 
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TABLE OF SEWAGE FARMS IN ENGLAND. 

The following table will afford information in 
regard to irrigation in many towns in England. 



Name of Town. 


Popu- 
lation. 


Daily Flow 

of Sewage in 

Gallons. 


Annual 

Rateable 

Value. 


Area of 

Land 
Irrigated. 


Number 
of Inhabi- 
tants to 
each Acre 
Irrigated. 


Banbury . . 


12,768 


450,000 


55,880 


Acres. 
155 


82 


Bedford . . 


31,000 


1,000,000 


122,254 


180 


172 


Burton-on-Trent 


49,084 


6,000,000 


246,509 


362 


135 


Cheltenham . . 


49,000 


1,000,000 


250,000 


360 


• 

136 


Crewe . . 


35 » 000 


1,378,019 


106,039 


257 


136 


Croydon . . 


114,000 


4,500,000 


687,994 


565 


20t 


Derby (West) 


40,400 


1,100,000 


192,402 


207 


195 


Doncaster 


33 » 000 


700,000 


129,759 


298 


no 


Leamington . . 


27,000 


770,000 


168,000 


350 


77 


Norwich . . 


106,000 


4,500,000 


329,683 


309 


343 


Reading . . 


65,000 


1,500,000 


300,000 


350 


185 


Rugby . . 


11,262 


320,000 


64,488 15 


73 


154 


Tunbridge Wells 


30,000 


800,000 


209,000 


310 


96 


Wigan . . 


58,950 


1,250,000 


175,094 


420 


140 


Wrexham 


13*500 


500,000 


54,744 


180 


75 



66 SEWERAGE AND SEWAGE DISPOSAL. 

The author is indebted to the Town Clerks 
and Borough Engineers for the data, necessary for 
the compilation of these results. 

From the preceding table the following averages 
are deduced : — 

149 people to each acre irrrigated ; 
170 acres to each million gallons of sewage, 
equivalent to 5888 gallons per acre. 

38 gallons of sewage per head per day. 
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CHAPTER VIII. 



ENSILAGE. 



In the application of sewage to land it is important 
to overcome the difficulty that is often experienced 
in disposing of the enormous green crops which 
highly sewaged land can raise. Thus one of the 
advantages of applying sewage to land cannot be 
fully realised, as the time of production of the green 
crops, and the demand for them, not coinciding, they 
are sometimes to a large extent valueless. Any 
arrangement, therefore, by which that portion of the 
produce for which there is no immediate demand 
can be stored for future use, would be of the greatest 
service to the sewage farmer. Such a solution of 
the difficulty is found in the system now known as 
" Ensilage." 

The author acted as the engineering member of 
Lord Walsingham's Commission on Ensilage, some 
years ago, and the Blue Book that was issued by the 
Government as the outcome of that inquiry contains 
detailed information on this subject. The following 
brief description will suffice for the purpose of con- 
necting it with sewage farming. 

F 2 
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The process termed " ensilage'' is the preserva- 
tion of green crops in a pit, or chamber, called 
a Silo. All kinds of green crops appear to be 
capable of being converted into silage, from the 
finest grass to the coarse stuff that cattle would 
not otherwise touch. The crop can be cut and 
siloed in any weather however wet; but it should 
not be left cut in the field long, as the sooner 
it is removed and placed in the silo the more 
likely is it to turn out good silage, and it should 
be cut before rather than after the plant has 
attained maturity. 

Before describing the several plans which have 
been tried for producing silage, it may be useful to 
say a few words about the chemistry of the subject, 
in order to make the process clear. 

If any green crop be left exposed to the air, the 
fermentation which begins as soon as it is cut, would 
continue to the putrefactive stage, and the crop 
would be useless for feeding purposes. This fer- 
mentation is produced partly by the active agency 
of oxygen, and partly by bacteria. The theory of 
the latter agency is based on Pasteur's elaborate 
researches, which showed that certain ferments con- 
tinue their action without the presence of oxygen or 
atmospheric air. He described it thus : — " The fer- 
ments, properly so called, constitute a class of beings 
having the property of living out of contact with 
free oxygen gas. One might express the theory in 
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the concise form — fermentation is the consequence 
of life without air." 

If the green crop, after being placed in the 
silo, be left freely exposed to the air for a few 
days, it heats, and if the temperature be allowed to 
rise to from 125° to 150° F. the bacteria are killed, 
and the subsequent fermentation which would have 
been produced by them, is arrested. The resulting 
material is called ** sweet" silage, which remains 
aromatic, having gone through what is termed a 
"haying" fermentation. If, on the other hand, as 
soon as the green crop is put in the chamber, it is 
subjected to pressure, by which the air is excluded 
as far as possible, and if the temperature does not 
rise above 100° F. at the outside, the bacteria 
live and develope, and the fermentation is greater 
than before, leading to the formation of lactic or 
acetic acids, with a loss of some of the saccha- 
rine matters, that become broken up and form new 
combinations which partly pass away as gases. 
The silage thus produced is called " sour," to 
distinguish it from that termed ** sweet," although 
the difference does not affect the avidity with which 
cattle eat it. 

The fermenting action which takes place in the 
silo is partial digestion (such as would have taken 
place in the animal's stomach), causing a softening of 
woody fibre, and a preservation of the flesh and fat- 
producing ingredients of the green crop. The loss 
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of weight produced by fermentation falls upon those 
parts of the fodder which have the least feeding 
effect, such loss comparing favourably with the pre- 
servation of grass, &c., by exposure to the sun. 

If the silage is to be made from coarse stuff, it is 
sometimes chaffed, which enables it to be more 
easily stacked, especially if it is to be piled up any 
height. 

When the crop is placed in the silo it requires to 
be spread evenly over the floor and trodden down, 
particularly round the walls. After the silo is full, 
one plan is to cover the whole surface with a layer 
of straw or heather, and to lay over this li-inch or 
2-inch boards weighted to a pressure varying from 
70 lbs. to 200 lbs. per superficial foot, by which the 
air is forced out. After the material has been 
pressed, the weighting arrangement is removed, and 
more material is added, to make up the vacant space, 
and to utilise the full capacity of the silo. This 
operation may continue for weeks until the silo is 
filled. A little salt is sometimes added to the 
material when placed in the silos ; but this is not 
essential, although it is thought by some to be 
beneficial to the cattle that feed on the silage. 

Ensiling has been accomplished without any 
chamber at all, the green fodder being simply stacked 
in the open and heavily pressed, the outer parts 
being, however, exposed to the air. 

The construction of silos must depend upon the 
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Circumstances which apply to the place where the 
green crop has to be converted into silage. An 
economical form of silo is of course essential where 
the outlay of capital is a serious consideration. 

The best place for a silo is close to the land 
producing the crop, as well as to the feeding-sheds 
where the silage is used. A good plan is to place 
the silo on sidelong ground, so that the green stuff 
can be put in at the higher, and drawn out at the 
lower level. A road should be made to both 
top and bottom. As silage is about three times 
the weight of ordinary hay, it should be carted the 
minimum distance. The weight of silage may be 
calculated by taking fifty cubic feet of capacity as 
equal to i ton. 

A pit excavated in ground that will not slip in 
(or that requires only a very simple support) will 
suffice, and there are many records of successful 
earth silos which have been dug out like trenches, 
about 1 1 feet at the top, with sloping sides, and of 
any convenient length. These trenches, when filled 
with the green crop, are covered up with about 2 feet 
of earth. 

Where, however, the system is to be worked as 
a permanent institution, some durable structure would 
be more economical in the long run. Large silos, 
well made, and with smooth walls, to secure even 
subsidence, will produce silage with a less percentage 
of waste than small silos with rough sides. Old 
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barns, sheds or other buildings (generally found 
about farmsteads), have been utilised successfully. 

About 1 2 feet is a convenient depth if the silo is 
not above ground. If it is, then less must suffice, 
unless mechanical means are available for shifting 
the material. If it is not liable to be waterlogged, 
it may be put 5 feet or so below ground ; but care 
must be taken to divert soaks and springs. 

A silo too large on the cutting-face involves a 
large surface in cutting, which means deterioration 
of a portion of the silage greater than would be the 
case where it has a smaller cutting-face, in which 
the silage can be consumed before it is injured by 
too much exposure after the silo is opened. 

In constructing a silo the obvious point to aim 
at is to enclose the largest cubic space in a water- 
and air-tight state, with the least wall-expense. 
The inside of the silo should be made vertical and 
smooth by rendering it with cement, so that the 
material will sink with the least friction. The cost 
of a permanent silo varies greatly. Where the silo 
is simply a trench dug in the ground it costs only 
55. per ton of green stuff. Others made of brick or 
concrete cost from 15^. to 255". and upwards, per ton 
of green stuff. 

In order to economise labour, a good plan is to 
have more than one silo, and to keep filling them 
alternately,! the material in one being left to settle 
or be pressed down whilst the other is being 
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charged. A few feet more can be added until the 
several silos are full, when the entrance is closed. 
This is sometimes built up with stone or brickwork, 
which is pulled down when the silo is opened. 

The weighting of the material in the silo has 
been the subject of many arrangements, such as 
earth-boxes containing stone, iron rails laid xDn 
planks, cases of water, &c. Pressure is most re- 
quired to protect the upper part of the material, 
the lower being pressed by the weight of the super- 
incumbent mass. 

Mechanical pressure has been applied by several 
contrivances such as by Potters hydraulic-jack 
method, Johnson's (of Croft) lever, pressure, and 
Reynolds' screw-chain pressure. 

A useful portable silo is made by Messrs. 
Reynolds, and consists of a series of jointed boards 
clamped together by iron belts, screwed up tight 
and covered by a water-proof canvas, which makes 
an air-tight and water-tight chamber. The pressure 
is applied to the top of the silage by means of a 
screw apparatus and chains anchored to the bottom 
of the silo and passing over rollers to the chain- 
tightener. This apparatus is moved from point to 
point and applied to the several cross beams of the 
wooden covering. The chains, on being screwed 
up, exert a pressure of 200 lbs. per square foot, 
which can be increased or diminished by placing 
the beams and anchor-chains closer together or 
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further apart. A man screws up the material once 
a day or so for about a week, when it ceases to be 
compressible. 

Mr. James Howard constructed a silo 20 feet 
high, of hard bricks set in cement, and finished off 
with a channelled stoneware course of tiles. This 
was closed in with a galvanised-iron roof, the eaves 
of which dipped into the channel at the top of the 
wall and formed, with the channel, an air-tight joint, 
aa water always remained in this groove. Before 
the roof was put on, the silo was filled with un- 
chopped green clover, which was trodden down by 
lH>ys» and no covering or weighting was employed. 
*rhe silage turned out fragrant, and had no trace of 
uuHiUl even on the top, where it was not pressed. 

The observations which have been made as to 
the etlKH of feeding animals on silage are most 
sutlsfuetory in every way, and there can be no 
vUniUt now of the success of the system. 

As sov^n as silage becomes better known it will 
vUnibtless Im? much sought for, and will be trans- 
fei'i\\l tv> plact\^ at a distance from the locality 
whert^ U is |>rvKluced> thus extending the field of 
\Unu<^uvl tW it. 

h\ v>ivx»ue CAses discrevlit has been brought upon 
^U^^ l\Y Ikxruiers trying tc^ make it out of hay that 
K#^ k^WU t^\|K\^evl tv> rain until it was nearly spoilt. 
V^H^Wg this stuff iutv^ ;ii silci^ is not the way to make 
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CHAPTER IX. 
PRECIPITA TION. 

Where sufficient land cannot be obtained for sew- 
age disposal with a view to utilising its manurial 
constituents, efficient chemical precipitation enables 
most of the suspended and part of the dissolved 
organic matters in sewage to be removed. It is 
not many years since sewage was looked upon as 
capable of being made a source of profit to the 
community producing it, by applying it to land by 
broad irrigation, whilst chemical-treatment specu- 
lators also contended for the possession of it as if 
it were a prize. Local authorities did not, therefore, 
recognise that efficient measures to get rid of their 
sewage must, as a rule, involve a permanent burden 
on the rates. 

In order to enable reliable deductions to be made 
regarding the cost and efficiency of precipitating 
systems, it is necessary that certain main principles 
should be laid down at the outset, to serve as a 
basis on which comparisons can be founded. For 
instance, the quality of sewage and the number 
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the population connected with the sewers, as well 
as the flow per head, should be kept in view. The 
cost of the chemicals should b^ considered, both with 
reference to the quality of sewage operated upon, and 
also with reference to the standard of purity of the 
effluent produced. The bulk and value of the re- 
sultant sludge also must not be overlooked. 

Considerable advances have been made in in- 
creasing the efficiency and simplifying the working 
of chemical treatment of sewage, and these results 
have done much to remove the previous difficulties 
which attended precipitation. 

Chemicals as precipitants were once used which 
had a high fertilising value, the expectation being 
that they would enhance the manurial value of the 
sludge. The amount of this material, however, 
which passed off in solution and was lost, prevented 
the system from answering. 

The results derived from the application of 
chemicals to sewage, depend a great deal on the 
construction of the tanks in which precipitation 
takes place. Where they are too shallow, and the 
velocity of the sewage through them is too great, 
the suspended particles, although heavier than the 
fluid in which they float, are unable to sink by gravi- 
tation, but remain suspended long enough to be 
carried through the tanks by eddies and upward 
currents. Many precipitation works now in opera- 
tion have this defect. 
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Where a considerable part of the rainfall is re- 
ceived into the sewerage system, provision should 
be made for a tank capacity of about 50 per cent, 
of the average daily dry weather flow, which will 
give a workable margin for contingencies. Several 
small tanks are better than a very few large ones, 
as there is less risk of difficulties arising when the 
tanks have to be stopped for cleaning out or for 
repairs. 

In England, shallow tanks (having a depth of 
about 4 to 5 feet at one end and about 6 feet at the 
other) are generally used. The bottom should have 
a fall towards the inlet end to which the sludge can 
be swept with facility. The tank is emptied by 
means of a floating arm which falls, on drawing off 
the supernatant water, and ensures its being taken 
from the upper layer of fluid in the tank. A valve 
controls this drawing off, so that as soon as there is 
any appearance of floating matter in the water being 
let off, the valve is closed and the sludge remains. 

The vertical tank, as it is termed, has recently 
attracted much notice, and is described hereafter 
in dealing with the sewage works at the Dundrum 
Asylum in Ireland. The same plan was adopted 
at Chicago, where the Kinebiihler tank was em- 
ployed. 

With some processes it is better to have the 
tanks designed so that they are worked inter- 
mittently, by which a period of rest is allowed for 
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the solids to precipitate. The continuous working, 
however, is more generally adopted. 

A recent arrangement of tank by Mr. Frank 
Candy deserves mention. The bottom of the tank 
is made flat, and in the centre is pivoted a horizontal 
perforated pipe which reaches to the side of the 
tank. This is pivoted on another pipe, which is 
carried up to within a foot or two of the full water- 
level of the tank, and at that point the sludge is 
discharged without pumping. The pivoted pipe is 
revolved by hand from the outside of the tank when 
it is being cleaned. The perforations in the pipe 
being on the under side of it, and only a few inches 
apart, and the pipe itself being but a little above the 
bottom of the tank (enough to clear it), the rotation 
of the pipe covers the bottom, and the sludge is 
drawn, or sucked away, from the whole of the sur- 
face. The pressure of water in the tank forces the 
sludge through the connecting pipe, and out to a 
higher level, whence the sludge can be run into a 
sump. The perforations in the pipe are larger than 
the space between the bars of the screening grid. 
The sludge produced is thicker, and therefore of less 
bulk than the sludge usually drawn from other pre- 
cipitation tanks. The removal of the sludge by this 
arrangement does not interfere with the flow of the 
sewage into the tank, and when the tank is started 
its working is continuous. 
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LONDON. 

The census of 1891 gave the population on the 
north side of the Thames at 2,687,084, and on the 
south side 1,523,972, or a total of 4,211,056. In 
1857 it was calculated that the population in about 
40 years would be 3,448,500, but it has already ex- 
ceeded that estimate, and by the end of the century 
it is probable that nearly 5,000,000 people will be 
contributing to the metropolitan sewage. The 
estimate originally made (which is referred to else- 
where in dealing with sewerage) was that there 
would be a discharge of sewage proper of 5 cubic 
feet per head per day, with provision for o • o i of an 
inch of rainfall per hour in urban parts, and one-half 
that in the suburbs. 

The author stated in 1881, in regard to the sug- 
gestions (then rife) to dispose of the sewage of 
London on land, that to enable the sewage then dis- 
charged into the Thames at Crossness and Barking 
to be diverted and utilised on land, an enormous 
expense would have to be incurred in the acqui- 
sition of the acreage required, as well as for the 
plant for pumping the sewage to a sufficient height 
to control this area. In his opinion, the crops pro- 
duced on such sewage farms could not cover the 
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cost of the additional pumping to command them, 
and that the sanitary requirements of the case 
would probably be fulfilled by applying inexpensive 
chemicals to act as deodorants and precipitants, 
whilst avoiding an unnecessarily high standard of 
purity, and he gave evidence to that effect before 
the Royal Commission in 1884. 

The Commissioners, in their second report, 
stated that the liquid portion of the sewage re- 
maining after the precipitation of the solids may, 
"as a preliminary and temporary measure, be 
suffered to escape into the river, but it would re- 
quire further purification, and this, according to the 
present state of knowledge, can only be done effec- 
tually by its application to land." 

During the eleven years, however, that have 
elapsed since that report was issued, much has been 
learnt which points to the possibility of successfully 
treating the sewage of London at the present out- 
falls, without having recourse to land filtration, and 
the sewage of the Metropolis is now dealt with at 
the northern outfall at Barking, and at the southern 
outfall at Crossness, by precipitation on the lines sug- 
gested by the author. 

The Metropolitan Board of Works carried out 
the recommendations of the Commissioners, Sir 
Joseph Bazalgette being the chief engineer. At 
first the precipitation system adopted was the inter- 
mittent one, the sewage being left quiescent for two 



PRECIPITA TION. 



hours in tanks, but although this was the system 
advised by the Commissioners, the tanks have now 
been converted with great advantage by Mr. Binnie 
(the Chief Engineer of the London County Council) 
into continuous working by substituting weir walls 
at one end of the tanks. 

It is estimated that the flow of sewage averages 
40 gallons per head per day at the Barking outfall, 
and 50 gallons per head per day at the Crossness 
outfall. The volume, however, is subject to sudden 
variations when rain falls heavily. Of the whole 
sewage of the Metropolis, it has been ascertained 
that 96 per cent is discharged at the outfalls, and 
4 per cent, by storm overflows. 

The chemicals used at the metropolitan outfalls 
are about a quarter of a ton of lime in solution per 
million gallons, to which is added one grain per 
gallon of protosulphate of iron. In hot weather an 
acid solution of potassium permanganate is added to 
the effluent to oxidise the organic matter that has 
escaped. 

The employment of copperas (protosulphate of 
iron) as a precipitant was first introduced by the 
author and Mr. Melliss, many years ago, at the 
precipitation works of the Coventry Corporation. 

The Thames is now no longer polluted by the 
discharge into it of the untreated sewage of London, 
as was the case formerly. The polluted state of 
the river and of the foreshore in front of the outfall 
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Mr. Dibdin's Table Showing the Reduction of Oxidisable Organic 
{All Quantities are stated 





1 


.13 


4 


6 


6 


7 


8 


g 


10 


11 12 


Chemicals uae<l in 
gtaiDS per gallon on 
tlie 23 Samples of 
Raw Sewage from 

System. 


1 


.a 

i 


1 

i 


1 
1 

i 

:3 


a! 
•1 


it 

^1 


it 


1 


1 = 

II 


g ' 
11 

II 


9? 

!i 
II 


op 

Is 

i! 


Average reduction n 


IS 


19 


=5 


J3 




13 


18 


„ 


i3 


19 


iS 


Cost per annum fori ^ 
chemicals.. ..J ^;? 


s. 


8. 




ol 


i 


^ 


S, 


58 


1 


h 


Other sources 




52 


10 








61 


5« 



Lime taken as costing 100 per ton. 

Iron 200 „ 



PRECIPITA TION. 



Matter in Solution by Various Methods of Cheuical Precipitation. 
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works has been entirely changed, and is improving 
year by year as the original deposits of filth in the 
bed of the river get reduced or disappear. This 
improvement is evidenced by the presence of sea- 
gulls every winter at Westminster Bridge, and by the 
reappearance of fish that have long been strangers 
to the river. A seal was captured at Richmond in 
November last. 

The actual cost in 1893 of disposing of the 
sewage of London, and of the precipitated sludge, is 
stated to be 2/. 7^. 3*42^. per million gallons, and 
67,583^ million gallons of crude sewage were re- 
ceived and treated. This cost included all working 
expenses, and allowance for capital outlay. The 
latter item must be regarded as exceptional, owing 
to some of the original outlay being for works which 
have now been disused or reconstructed. The cost 
of dealing with the sewage and sludge, without al- 
lowing for capital outlay, is estimated at about 305". 
per million gallons. The sludge produced amounted 
to 2,021,000 tons in 1893, 2,052,000 tons in 1894 
and 2,169,000 tons in 1895. ^^ was sent to sea in 
ships which hold about 1000 tons each. 

Mr. Dibdin (the chemist to the London County 
Council) experimented with sewage obtained from i\ 
the metropolitan system, and his results are given ^1 
in the table upon pp. 82 and 83. The further E 
experiments made by Mr. Dibdin on the effluent ^ 
sewage at Barking are given on page 166. 
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MASSACHUSETTS EXPERIMENTS. 

The elaborate experiments carried out at 
Lawrence, and described in the reports of the 
Massachusetts Board, established some very use- 
ful practical results. Lime, copperas, alum and 
sulphate of iron were used as precipitants, either 
alone or in combination. It was found that there 
is a definite quantity of lime that will produce the 
best results with any given sewage, the quantity 
depending on what- is necessary to neutralise the 
carbonic acid. A larger quantity would produce no 
better result. With the sewage experimented upon 
(see page 9), this quantity of lime was found to be 
1800 pounds per 1,000,000 gallons of sewage. 
The best results that were obtained by chemical 
precipitation left as much as one-third of the 
nitrogenous organic matter of the sewage in the 

i!?uent. 
The table on page 86 summarises the results of 

^ese experiments and indicated — 
(i) That with a given quantity of sewage, a 

irtain definite amount of lime gives as good or 

etter results than either more or less. 
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(2) That in general, the more copperas, ferric 
sulphate or alumina sulphate used, the better the 
result. 

(3) That ferric sulphate and alumina sulphate 
usually require no lime for completing precipitation. 

(4) That with copperas a definite amount of lime 
must be used. 

The practical deductions made by the experi- 
menters were that the lime process has little to 
recommend it, owing to the large amount of lime 
water required, and the very close supervision that 
is necessary to accurately adjust the lime to the 
sewage. 

Precipitation by copperas involves care in getting 
the right amoimt of lime mixed with the sewage 
before adding the copperas, but when this propor- 
tion is secured good results follow. The amount of 
iron left in the effluent is much greater than with 
ferric sulphate, owing to the greater solubility of 
ferrous hydroxide. Ferric sulphate and alum have 
advantages over the others, owing to success not 
being so dependent upon accurate adjustment of 
quantities, and as their addition in concentrated 
solution admits of being more accurately controlled. 

Mr. Warington noticed that nitrification, like all 
fermenting processes, ceases in the presence of anti- 
septics, and this points to the necessity for excluding 
chemical refuse from sewers where the sewage has 
to be purified by nitrifying organisms. This was 
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also observed in the experiments at Lawrence on 
the intermittent filtration of sewage through a very 
coarse clean gravel filter. It was found that the 
addition of sulphuric acid resulted in a decreased 
nitrifying action. This experiment showed, that 
sewage containing a large percentage of sulphuric 
acid may have the bulk of its organic matter re- 
moved by intermittent filtration, although if it is to 
to be constantly applied, the acid should be neutra- 
lised by some alkali. The effect of an acid sewage 
upon the discharge of bacteria from an intermittent 
filter was also noticed. The bacteria appeared to 
be few as long as there was much nitrification, but 
increased as the nitrification fell off. The nitrifying 
organisms were rendered comparatively inert by the 
acid, while the ordinary bacteria were less affected, 
and increased with the decrease of purification. 
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CHICAGO KINEBUHLER TANKS. 

At the Columbian Exhibition in 1893, provision 
had to be made for dealing with the sewage of 
the large population collected there, estimated at 
150,000. The system adopted was similar to that 
carried out by Mr. Carl Kinebiihler, at Dortmund 
in Germany some years ago, which attracted con- 
siderable attention. The main feature of this system 
consists in delivering the combined sewage and 
chemicals to the bottom of a precipitating* tank, 
which is made of exceptionally great depth and of 
small area, so that the suspended matter has to rise 
through the body of fluid, and is arrested in the 
course of this vertical movement. The arrange- 
ment of the works at Chicago was as follows, so 
far as relates to the special features of this system. 
The sewage to be treated was received in a dis- 
tributing tank 16 feet in diameter and 10 feet high, 
with a grating over the whole area 18 inches below 
the top. The sewage passed upwards through a 
vertical pipe 3 feet in diameter in the centre of this 
tank, and was distributed over the surface of the 
grating, leaving the larger solids on it. It then 
passed away through four outlet pipes 14 inches in 
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diameter, controlled so as to enable the sewage to 
be delivered into either of four precipitating tanks 
placed round the distributing tank, which was in the 
centre. Chemicals were added by suitable mixing 
arrangements, and the sewage thus treated passed 
to one or other of these special tanks, which were 
designed as follows. The main body of the tank 
was 32 feet in diameter and 32 feet deep, having 
a cylinder 6 feet in diameter fixed vertically in the 
centre of it. This extends above the top of the 
tank and receives there the treated sewage, which 
passes down the cylinder to the bottom of it, and 
is conveyed by radiating carriers (suspended to the 
sides of this cylinder) and distributed inside the 
main tank at the depth of 32 feet. Below this the 
body of the tank contracts in the form of a cone 
for a further 22 feet (making the total depth 54 
feet). At the bottom of this cone is fixed a pipe 
through which the deposited sludge can be forced 
by the head of sewage into sludge tanks, and thence 
to filter presses in the usual way. 

After the treated sewage has passed down through 
the central cylinder, and up through the main body 
of the tank, the clear effluent is carried off by troughs 
18 inches below the top of the tanks, leaving the 
available height of the circular part of the tank 
30J feet. Allowing for waste space, the available 
capacity of the tanks may be taken as 237,000 
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gallons, of which about 54,000 gallons was afforded 
by the conical portion of the tank. 

The precipitants employed were copperas, sul- 
phate of alumina and lime, and the cost of the 
chemicals was about 8 dollars per million gallons. 

Long vertical tanks, occupying a small area, offer 
advantages where space is limited, and other condi- 
tions are suitable to a system which consists of a 
continuous upward flow of treated sewage, with a 
continuous downward movement of the precipitate. 
A neutral plane appears to exist in these vertical 
tanks, and any organic matter which may rise past 
this plane comes under the further influence of the 
chemicals, and falls back through the upward current, 
forming a mass of flocculent matter at this neutral 
point, which arrests other matter that may be rising. 
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LIME PROCESS. 

Lime being a cheaper precipitant than sulphate 
of alumina and other chemicals, it may seem that its 
use necessarily produces economic results. This is, 
however, not always the case, as any saving in the 
purchase of the cheaper precipitant may be more 
than counterbalanced in dealing with the large 
volume of sludge which it produces. 

The effect of the addition of lime to sewage 
was carefully observed many years ago by leading 
chemists, and it was found by Dr. Letheby that 
the dissolved impurities were reduced from 70 to 
67 grains per gallon, and the suspended matter 
from 19 to I '7. Further experiments on London 
sewage showed that with 12 grains of lime per 
gallon, and with an average of many samples of 
sewage containing 15*0 grains per gallon of dis- 
solved organic impurity, 4*20 only were removed, 
and of 94 'O grains per gallon of suspended and 
dissolved organic and mineral impurities, 54 grains 
only were removed. 

In practice it is found that to enable perfect rest 
to be given to the combined precipitants and sewage, 
very large tank accommodation is involved, and to 
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obtain a clear effluent the process has to be worked 
on the intermittent, and not the continuous, system. 
In hot weather the lime process has to be used still 
more carefully, as putrefaction sets in rapidly, and both 
the effluent water and the sludge become offensive. 

Numerous experiments have proved that in 
order to obtain satisfactory results the best lime 
only must be employed. Analyses of suitable and 
unsuitable qualities of lime have been made by 
Dr. Wallace, of Glasgow, and are as follows : — 



Analyses of the Ingleton Lime used at the Bradford 
Corporation Sewage Works, and of two other descriptions 
found to be unsuitable. 



Ingleton. 



Lime 

Magnesia .. .. .. 

Oxide of iron 

Phosphoric acid 

Sulphuric acid 

Carbonic acid 

Alumina 

Silica 

Water 



94-78 
•36 

•14 
trace 

trace 
3*05 
•75 
•95 



100*03 



Shipley. 



65 '94 

•99 
•28 

•48 

3*46 
6*40 

3'7S 

7-50 
10*36 



99*16 



Note. — The Shipley and Knottingly lime had been ' 
time, and had absorbed some carbonic acid and wat< 



Knottingly. 



60*76 

•90 

•70 

•06 

1*63 

i7'S4 

i'7S 

8-75 
7-63 



99-72 
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LIME PROCESS— BRADFORD. 

The population is about 230,000, on an area of 
10,776 acres, giving a population density of 22*3 
per acre. There are about 7500 water-closets, 
34,000 privies and 21,000 ashpits. The flow of 
sewage is about q-J- million gallons a day, or 41*3 
gallons per head. The sewage is of a manufactur- 
ing character, containing much dye refuse. 

Before the application of lime the solids are 
strained away from the sewage, yielding about 400 
tons a year in a dry state, which are disposed of as 
garden manure at 6^. a load. After the removal 
of the solids, the sewage is passed through four 
culverts (to diminish its velocity), and it is then de- 
livered into the precipitating tanks. There are 34 
tanks, each 23 feet by 28 feet, having an average 
depth of 5 feet, the capacity of each being 18,000 
gallons. The cost of the precipitation works alone 
may be taken at about 40,000/. 

The combined sewage and lime are allowed to 
remain at rest in the tanks from half an hour to 
forty minutes. The supernatant water from the 
tanks passes through a series of 34 filter tanks, 1 2 
feet by 23 feet, filled with 2 feet of coke. The 
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I sludge gravitates from the precipitating tanks into 
I a sludge collector, from which it is pumped on 
"to open air drying beds specially constructed for 
that purpose. From these it is removed in a port- 
able condition, a small portion being utilised by 
the farmers of the neighbourhood. The cost of the 
removal of the sludge is defrayed chiefly by the 
Corporation, as there is very little demand for it as 

■ manure. 
The average cost of dealing with sewage and 
sludge has been 4000/. per annum. 

Allowing 5 per cent, interest on the 40,000/. 
expended on the precipitating works and appliances, 

Ian addition of 2000/. would have to be made to the 
above sum of 4000/. to arrive at the total cost to the 
Corporation for the clarification of the sewage of 
Bradford. 
About nine tons of lime are used per diem, or 
nearly one ton per 1,000,000 gallons. The lime 
requires to be thoroughly disintegrated and reduced 
to an almost impalpable powder, in order to ensure 
its being completely dissolved and mixed with the 
sewage, otherwise the quantity of lime that would 
be used to produce the same result would be much 
greater. 
The necessity for employing only a suitable 
quality of lime has been already referred to in giving 
Dr. Wallace's analyses, and the following analysis 
was also made by him of Bradford sewage ; — 
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Analysis of a Sample of Sewage taken at a Time 
OF Day when it was foulest. 

Grains 
per Gallon. 

Ammonia, free or saline 9*3 

(Equivalent to 133 parts per million.) 
Ammonia albuminoid i ' 4 

(Equivalent to 20 parts per million.) 



Analysis of Effluents. 

Grains 
per Gallon. 
Ammonia, free or saline '56 

(Equivalent to 8 per million.) 

Ammonia, equal to nitrogen, combined in 

other forms -28 

(Equivalent to 4 parts per million.) 



\ 

\ 
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WOLVERHAMPTON. 

The area of this borough is 3440 acres, the 
rateable value is 267,372/., and the population is 
about 83,000. The dry weather flow is about 2\ 
million gallons per day, equal to 30 gallons per 
head of the population. This town is the home of 
the oralvanised-iron trade. 

Some twenty years ago a general scheme of 
sewerage and sewage disposal was carried out, and 
in the report of Mr. Berrington (the borough engi- 
neer), bearing date 1891, we find it stated that at 
first broad irrigation was unanimously adopted in 
preference to any other system, and a sewage farm 
was laid out, its situation enabling nearly all the 
sewage to be received by gravitation. For many 
years every effort was made to purify the sewage 
by broad irrigation, and then intermittent filtration 
was tried, but ultimately precipitation had to be 
resorted to. 

From the first, Wolverhampton has had two 
difficulties to contend with, namely the peculiar 
nature of the sewage, due to manufacturers* waste- 
water, which, after treatment (as is required), still 
contains a great deal of iron and other matters ; 

H 
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and the smallness of the brook into which the 
effluent passes, the volume of the brook being con- 
siderably less than that of the effluent itself. 

There are six precipitation tanks, each 1 50 feet 
by 50 feet, and from 5 to 6 feet deep. 

The average amount of lime used is 20 grains 
per gallon. The quantity of wet sludge produced 
often amounts to 300 tons in twenty-four hours, 
that of pressed cake 50 tons, costing about is, ^d. 
per ton. The average time of pressing is forty- 
five minutes, and of filling, pressing and emptying 
is one hour. 

The cost of tanks, engines and houses, boilers, 
pressing plant, &c., was 14,000/. 
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BURNLEY. 

The area of the municipal borough is 1731 acres, 
which is divided into two drainage districts, the 
Gannow and Duckpits watersheds, having areas of 
357 acres and 1374 acres respectively. The popur 
lation was 82,000 in 1889, when the number of 
water-closets was 6586. 

In the valleys of these districts sewage outfall 
works have been constructed, and the particulars 
here given are derived from the borough surveyor, 
Mr. F. S. Button. The precipitant is milk of lime^ 
which is mixed with the sewage before its delivery 
into the settling tanks. In these a portion of the 
matters held in suspension are deposited, and the 
supernatant liquid flows over the tank sill and is 
filtered through land. The approximate quantity of 
lime used is 8 grains per gallon. 

The Gannow outfall works (which are temporary) 
occupy a plot of land having an area of li acres, 
and the sewage from a population of about 12,000, 
or an average dry weather flow of 300,000 gallons 
per day, is delivered at these works. There are two 
settling tanks, 83 feet 6 inches long, 20 feet wide, 
and 4 feet 6 inches deep from bottom of tank to top 

II '^ 

45497 
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of overflow sill, with a capacity in each tank of 
62,624 gallons. Each tank is divided by three 
partition walls into four compartments, in the first of 
which the bulk of the precipitated solids is inter- 
cepted by means of a solid wall. The two remaining 
partitions are formed of brickwork with apertures, 
which allow the sewage to pass through two filters 
of gas coke. The sewage remains quiescent in the 
tanks for about two hours. 

The tanks are emptied as required, the sludge 
being pumped by hand into earth becks, where it 
is allowed to remain until it is sufficiently air-dried 
to allow of removal by the farmers in the neigh- 
bourhood. 

The Duckpits outfall works occupy an area 
of about ^\ acres, and receive the sewage from a 
population estimated at 66,000. The average flow 
is about 1,650,000 gallons per day, or 25 gallons per 
head per day. 

The sewage on delivery at the works is first run 
through straining tanks, where the coarser particles 
are extracted, after which it receives milk of lime 
and passes along a salmon race to a series of eight 
tanks, 50 feet long by 39 feet 8 inches wide. The 
average depth of each tank from the overflow sill 
is 6 feet 3 inches, and the total capacity is 621,322 
gallons. The flow through the tanks is continuous, 
and the effluent is filtered through about 60 acres of 
land. 
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About 350 tons of sludge are produced per 
week. This is dealt with in Johnson's filter presses, 
the sludge being first delivered into a tank holding 
200 tons. This is provided with a skimmer for the 
removal of the top water from the surface of the 
sludge. It is found that when the tank has been 
. filled with sludge from the settling tanks, and allowed 
to remain for twenty-four hours, about 1 2 inches in 
depth of water rises to the top of the sludge, and 
this is skimmed off and passed again through the 
settling tanks. The presses, which are three in 
number, contain forty chambers each, and turn out 
forty cakes of pressed sludge per press, each cake 
being 36 inches square and li inches thick, the 
whole weighing 27 cwt. The time occupied in 
reducing the sludge to cake is a little over an hour 
per press, and from thirteen to fifteen pressings per 
day can. be obtained from the three presses. The 
quantity of lime used in pressing the sludge varies 
from 150 lbs. to 200 lbs. per press, the variation 
depending on the character of the sludge. 

The cost of pressing the sludge is about 2s. 6d, 
per ton of cake, or 6d. per ton of wet sludge. This 
cost is made up as follows : labour, ()\d, ; lime, ()\d, ; 
cloths, 6d, ; coal, oil, repairs, &c., 5^. 

At the present time about 400 tons of sludge are 
removed from the settling tanks weekly, and this 
quantity is reduced to 80 tons of cake by the three 
presses, at a cost of lol. 
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The pressed cake is readily removed by farmers, 
some of whom come a distance of four miles, and 
at times carts have waited for the discharge of the 
cake from the presses. 

The cake has been analysed by Dr. Campbell 
Brown, of Liverpool, and he estimates its theoreti- 
cal value at 20^. per ton, w^hich is about 25 per 
cent, higher than the theoretical value of farmyard 
manure. 
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BIRMINGHAM. 

Mr. W. S. Till, the borough engineer, described 
the outfall works of the Birmingham, Tame and 
Rea District Drainage Board, in a paper read at 
the British Association in 1886, and Mr. J. Knight, 
his colleague, read a paper at the Mason's College 
Engineering Society in 1889, from which the follow- 
ing information is obtained. 

The total area of the drainage district is 47,275 
acres, the population in 1889 was estimated at 
658,000, and the rateable value 2,500,000/. The 
total area of land available for works of sewage 
disposal is 1227 acres. 

The nature of the land is very favourable to the. 
purification of sewage, the natural surface of the 
ground being as a rule even and unbroken, and 
the level such as to admit of the irrigation of the 
whole by gravitation, with the exception of about 
100 acres. The subsoil is gravel and sand, varying 
from 6 to 10 feet in thickness. 

The sewage (amounting to 20 million gallons a 
day, dry weather flow) is brought to the land by 
a conduit 8 feet in diameter, having a fall of 2 feet 
per mile, and capable of discharging 38 million 
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gallons a day when running half full. From this 
conduit the sewage is distributed, firstly by open 
brick carriers, then by earth carriers. 

The land is drained to a minimum depth of 4 feet 
6 inches. The subsoil drainage consists of 3-inch 
and 4-inch agricultural drain pipes from 10 to 15 
yards apart, delivering into main drains of from 9-inch 
to 18-inch, which discharge into the outfall channels. 
The total cost of the land and works to December 
31, 1889, was 410,033/. 

There are three large subsiding tanks, having a 
cubic capacity of 169,000 cubic feet, 154,000 cubic 
feet, and 116,000 cubic feet respectively. In these 
the grosser impurities are deposited. 

There are four additional sets of tanks, having 
four tanks in each set, or sixteen altogether. Each 
of these is 150 feet long, 50 feet wide, and about 
6 feet deep, their combined capacity being about 
729,000 cubic feet. 

The sewage is mixed with milk of lime, both to- 
neutralise the acids (present to an unusual extent 
in Birmingham sewage) and also to assist precipita- 
tion. The limed sewage then passes gently through 
the large tanks, where the grosser impurities are preci- 
pitated, and from thence it is conveyed away by the 
main conduit, and disposed of by ordinary irrigation. 

The sixteen small tanks, referred to as forming 
part of the complete precipitating process, are still 
used under certain conditions, and are valuable when 
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rainfall has increased the normal quantity of sewage. 
The sludge is raised into shoots, from which it flows 
into beds made on the land, and formed of turf or 
earth walls, about 10 yards square and 2 feet high. 
The sludge as it leaves the tanks contains at least 
90 per cent, of water, but after lying on the ground 
from a fortnight to three weeks much of this water 
disappears, leaving the sludge of a consistency that 
admits of its being trenched into the land, on which 
crops are then planted. 

146,468 cubic yards of mud were arrested in the 
tanks in the year 1888, or an average of 400 cubic 
yards per day. About 4000 tons of lime were used 
for precipitation purposes, or an average of 1 1 tons 
per day. 

The Board farms all the land, none being sublet. 
Of the produce, milk is an important item, 133,787 
gallons being sold in 1888, realising 4092/. iia 
acres of land were devoted to rye-grass, 275 acres 
to cabbage and other vegetables, 1 74 acres to man- 
gold, swedes and kohl rabi, 119 acres to cereals, and 
about 250 acres were pasture. The total amount 
realised in the year from the sale of stock and 
produce was 20,416/. During the same time stock 
was purchased to the amount of 7997/. 

The total annual current expenditure on the 
sewage works and farm was 54,363/., and the in- 
come 20,533/, leaving a balance of 33,830/. Of this 
amount the interest and repayment of loans absorbed 
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18,387/. ; rent, rates, taxes and management ex- 
penses, 5473/. ; the balance of 9970/. representing 
the loss on the year's working of the farm. The 
great source of loss is the lime, wages, machinery 
expenses and other charges connected with inter- 
cepting and dealing with the mud from the tanks. 
The cost under this head was 10,987/., ^nd the 
corresponding income practically nil. 
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THE NATIVE GUANO PROCESS. 

The A. B. C, or native-guano process, is now in 
operation at Kingston-on-Thames, under a subsidy 
from the Corporation. The chemicals employed are 
alum, clay, a little blood from slaughter-houses and 
carbon or charcoal waste. The blood, clay and char- 
coal act as absorbents, and cause the deposition of 
suspended and dissolved impurities which could not 
be removed by the salts of alumina or iron alone. 
Professor Dewar and the late Dr. Tidy stated, in 
a report made a few years ago, that this process 
*' precipitates 60 per cent, of the organic matter in 
solution, and of the residue left in the effluent, at 
least two-thirds are non-albuminous, and therefore 
of a nature less liable to putrefactive and other 
changes." 

The effluent is one of the best which has been 
produced from any precipitation process, arid is per- 
mitted to be passed into the river Thames without 
filtration through land. The process is, however, 
more costly than where lime alone, or sulphate of 
alumina or iron, and lime, are employed. It must 
be stated, on the other hand, that the greater cost 
is said to be justified on the ground that^l^ residual 



/ 
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sludge has a value which enables it to cover the 
extra cost. This point still offers a ground for con- 
tention. Dr. Wallace, of Glasgow, calculated the 
value of the sludge at 335". per ton containing 12 "60 
per cent, of moisture. 

The charcoal aids the deodorising properties of 
the sulphate of alumina, whilst the clay, in a state 
of fine subdivision, offers a large surface for the 
absorption of impurities which are carried down 
with the precipitate. The addition of the clay in- 
creases the bulk of the precipate, and when the 
resultant product realises the value claimed for it, 
the cost of obtaining the clay, and of manipulating 
the bulky product, would be justified. If, however, 
the value required to be realised to cover the cost 
of the process be not obtained, there are no sufficient 
reasons for incurring the expense of these ingredients, 
because a good effluent can be obtained by other 
methods at much less cost. 

The author had to make an inspection of these 
works in 1890, and obtained the following informa- 
tion. The population contributing to the sewage 
was then upwards of 38,000, and the daily average 
flow was equivalent to 33^ gals, per head per day. 
The sewage is first treated by what is called the 
B.C. mixture, which is prepared by grinding together 

al weights of clay and carbon with a small 

dty of blood from slaughter-houses. The com- 

sewage and B.C. mixture then flow in an 
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inodorous state through an open brickwork channel 
in which it receives alum in solution (the A. of the 
process). The amount of carbon used is approxi- 
mately 55 cwt. per day, clay 55 cwt, alum 17J cwt, 
and about 30 lbs. of blood. These proportions are 
varied with the time of year. The combined sewage 
and chemicals flow a distance of about 80 yards to 
eight precipitation tanks, 85 feet long, about 50 feet 
broad, with an average depth of 6 feet. Each tank 
holds 150,000 gallons, and is divided into two parts 
by a diaphragm wall which runs three-quarters of 
the length of the tank. The sewage is let in on one 
side of this wall, and the outlets for the sewage or 
effluent, and also the pipe to the sludge pump, are 
on the other side. Floating scum boards are placed 
about ID yards from the inlet side, and arrest any 
floating substances. The sewage flows all round 
the diaphragm wall, by which the sludge has time 
to precipitate, but it can be passed directly through 
the diaphragm wall by opening doors that are fixed 
in arches at the bottom of the tank near the inlet. 
The doors are opened when the sludge is to be 
pumped out of the tanks, to allow of its passing 
from one side of the diaphragm wall to the other. 
Two sets of two tanks each are employed to 
deal with the sewage, working continuously. The 
effluent passes from the tanks through channels 
delivering into a culvert which discharges into the 
Thames at a distance of about 200 yards. There 
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is the usual floating draw-off pipe, which also dis- 
charges into this channel. The lowest stratum of 
supernatant water is again treated in the tank. The 
sludge is pressed into cakes (containing between 50 
and 60 per cent, of moisture) li inch thick, which 
are stacked for a time, and then passed through 
drying cylinders and converted into a granular 
powder containing about 30 per cent, of moisture. 
This is called Native Guano, the commercial value 
of which Professor Dewar and the late Dr. Tidy 
reported upon as follows : — 

** As to the manurial value of the Native Guano, 
we are strongly of opinion that this must be judged 
rather by the practical results of the agriculturist 
than by presumed theoretical values based on ana- 
lytical data, and on the price of ingredients not neces- 
sarily in the same physical or chemical condition. 
Recent research tends to show that very small 
changes brought about in soils may have very im- 
portant indirect effects.*' 
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FRANKFOPvT-ON-MAIN. 

Mr. W. H. Lindley (the engineer to the Magis- 
tracy of Frankfort), who carried out the precipitating 
works at this place, has given a description of them, 
from which the following information is obtained. 
The population in 1889 was 150,000. All the houses 
are completely drained. The average daily flow 
varies from 5J to 6J million gallons, and provision 
is made for dealing with a future dry weather flow 
of about 8i million gallons, and a wet weather flow 
of double that. The site for the outfall works was 
selected on the bank of the river Main, at a point 
which enables the effluent to be used for irrigation 
purposes in the future. Storm overflows are pro- 
vided which only come into use when the rainfall 
doubles the average daily flow. The sewage on 
arriving at the outfall enters a depositing chamber 
in which its velocity is retarded to -^^ of that in the 
sewer. Here the heavier suspended matters are 
deposited, and the sewage passes under scum boards 
(which arrest the floating substances) to a chamber 
in which the chemicals are added. Thence it flows 
along a channel to the precipitating tanks, in which 
the velocity of flow is reduced to y-J-^ of the velocity 
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it had in the sewer. The tanks are calculated on 
the basis of the sewage taking six hours to pass 
through. They are 80 metres long, 2 metres deep 
at the inlet end, and 3 metres deep at the outlet end. 
The total volume contained in each tank is 1 100 
•cubic metres. The velocity at the inlet is five milli- 
metres per second, and at the outlet end it is three 
millimetres per second, or an average rate of flow 
through the tanks of four millimetres per second. 
There are at present four tanks, which as a rule 
are all at work except when the sludge is being 
removed once in eight days, and this occupies about 
iive hours. The precipitants employed are lime and 
sulphate of alumina containing 14 per cent of pure 
alumina. The average quantity used is one ton of 
alumina to 6000 cubic metres of sewage, and the 
proportion of lime to alumina is as i to 4. The 
quantity of chemicals used is varied according to the 
quality and volume of the sewage, which are deter- 
mined by a systematic inspection of samples takefl. 

Five sets of experiments have been made to 
determine the relative values of the lime and alu- 
mina. Three were made with lime and sulphate of 
alumina, two with lime alone, and one without any 
chemicals. Analyses made by Dr. Lepsius showed 
that the addition of the alumina produced a most 
beneficial action, as it removed all of the suspended 
impurities and 40 per cent, of the organic matters 
in solution. Dr. Libberty made some bacteriological 
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tests, and showed that where the average number of 
germs capable of development in raw sewage was 
three million per cubic centimetre, the number was 
reduced to 380,000, and 17,500, germs per cubic 
centimetre respectively by the two systems of 
chemical precipitation. Besides the greater purifi- 
cation effected by the use of sulphate of alumina, 
the bulk of the sludge was reduced to from one- 
third to one-fourth of that produced by the lime 
treatment alone. The annual cost of treatment in 
1889 was 7500/., or IS. per head of the population. 
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RICHMOND. 

The Richmond Main Sewerage Board dealt at 
first with the sewage of Richmond, Mortlake and 
Barnes, but the parishes of Kew and Petersham, and 
a portion of the parish of Mortlake called North 
Sheen are now taken in. The area is now 4983 
acres, with a population of 43,924, and an assessable 
value of 343,729/. The outfall works were designed 
and carried out by Mr. J. C. Melliss, and are now 
iinder the charge of Mr. William Fairley. 

The site of the works is 1 2 feet above Ordnance 
datum, or 2 feet 6 inches below ordinary high-water 
spring tides. The level of high water at this part 
of the Thames is, at ordinary spring tides^ 14 feet 
6 inches above Ordnance datum. 

The sewers have been calculated to receive only 
a limited quantity of rain and subsoil waters in 
addition to the sewage proper. 

The sewage is pumped from the low-level sewers 
to a sufficient height to gravitate to the river, three 
sets of pumps raising 7728 gallons per minute, or 
11,128,320 gallons in twenty-four hours. 

A certain amount of sewage can be stored in 
the pump well, and in the intercepting sewers of the 
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Board, without materially affecting any of the con- 
tributar)' districts. By means of this storage it is 
possible during dry fine weather to stop for a few 
hours, and make any necessary repairs or alterations 
to the pumps or engines. 

The sewage, on entering the works, passes 
through a large screen situated in a straining well 
between 30 and 40 feet underground, where the 
rougher material is taken out, the screen being 
cleaned once a day. After leaving the straining 
well, the sewage is run into the pump well, and on 
entering, it receives a small dose of diluted carbolic 
acid and iron salts. After being pumped up to the 
higher level, it receives the addition of milk of lime, 
the proportion varying very much according to the 
season of the year, and the condition of the sewage, 
but approximately the average quantity added to 
the sewage does not exceed 4 or 5 grains per 
orallon. 

The lime used is the best Buxton lime, delivered 
at Kew Bridge Station in truck loads, at I'js. 6d. 
per ton. 

The chemicals next added at present consist 
of block alum (that used by paper-makers) and 
carbferalum, a compound of sulphate of alumina, 
carbon and iron. The average quantity varies, but 
7 grains per gallon may be taken as a fair average 
for normal sewage. The price paid at present 
for the above mixture, but exclusive of lime, is 

I 2 
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2/. 8^. 6d. per ton. The proportions vary accord- 
ing to the condition of the sewage. 

The sewage then passes to the precipitation 
tanks, of which there are eleven, having a total 
capacity of 1,210,000 gallons. After being allowed 
to settle, the effluent water is run through the 
filter beds, and is finally discharged into the river. 

The area of filters provided is i J acres. Of this^ 

1 acre is situated at a high level, and is divided 
into i-acre plots. The remaining \ acre is situated 
at a level 2 feet lower than the other beds, and is 
divided into four plots \ acre each. The thick- 
ness of the filtering material varies from 15 inches to 

2 feet 6 inches. The top is covered with a layer 
of loam, sown down with a selected mixture of 
grasses. 

Up to the present moment, although these filter 
beds have been in almost daily use, no repairs or 
renovation of the filtering media, or surface soil, has 
been required. Practically the only expense incurred 
has been that of cutting the crop of grass nine 
times in the year, and removing any coarse grasses 
or weeds. 

For the year 1893-94, the total cost of chemicals, 
including lime, was 25^. per million gallons of sewage 
treated, or three-tenths of a penny per thousand 
gallons. The year in question was exceptional, 
owing to the long drought, during which on many 
occasions larger quantities than usual of chemicals 
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had to be employed, the sewage being very foul 
and difficult to treat. 

During the past three years the effluent has 
been under . the inspection of the Thames Con- 
servancy. 

The following is an analysis made by Mr. Carter 
Bell, of Salford :— 

c^«r««o Effluent, 

Sewage. Unfiltered. 

Free ammonia 8* 00 4*20 

Albuminoid ditto '56 -20 

Percentage of purification — 64, 

The sludge having been deprived of some of its 
water by subsidence in the sludge chamber, is lifted 
by pumps into iron receivers (placed in the press- 
house), which contain a charge for one press. In 
these a small quantity of lime is added so as to 
facilitate the operation of pressing. 

The quantity used and added to the wet sludge 
before it is forced into the presses is about 90 lbs. per 
press, or about 4 per cent, of the wet sludge. 

The water pressed out of the sludge passes to 
the pump chamber, and mixes with the sewage to be 
treated over again. The solid sludge-cakes measure 
3 feet square by i^ inch in thickness. 

The total amount of wet sludge produced in one 
year is approximately 30,000 tons, equal to 41 ' i tons 
per million gallons of sewage treated, or i ' 8 tons 
per 1000 persons daily. This latter figure is above 
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the average, but is due to the fact that the popula- 
tion during a portion of the year exceeded that taken 
as resident in the district. 

In the year 1893-94, the average cost per ton of 
pressed sludge turned out between the hours of 
6 A.M. and 5 p.m., was as follows : — 

£ s. d. 

Labour o i 0*4 

Lime 009*2 

Cloths 004*0 

Coal, oil and stores 003*0 

£0 2 4*6 

Although the cost for lime, cloths, &c., is the 
same for both night and day work, yet, owing to the 
smaller quantity that can be turned out by the night 
workmen, the extra expense for labour, &c., raises 
the cost to 2^. lod. per ton. 

All the sludge produced is removed by a con- 
tractor in covered sailing barges, each barge taking 
an average of about 80 tons, and the price paid is 
2^. per ton, equal to about i^. 6d. per cubic yard. 
The cakes are utilised for agricultural purposes in 
Essex and Kent. 
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GLASGOW. 

• 

The pollution of the river Clyde by the sewage 
of Glasgow has for many years engaged the attention 
. of the Corporation, and a scheme was once proposed 
by the late Mr. Bateman and Sir Joseph Bazalgette 
to construct an outfall sewer to convey the sewage 
away seaward. The corporation, however, have 
recently carried out works for the purification of the 
sewage by chemical treatment. The construction 
of the Glasgow Central Railway appears to have 
facilitated the execution of this scheme, inasmuch as 
nearly a quarter of a million sterling was expended 
by the company in intercepting old sewers, and in 
reconstructing main sewers, immediately north of 
the railway, which sewers served a useful purpose 
as they enabled the drainage from 2600 acres, with 
a population of 156,000, to be carried to outfall 
works. 

A main outfall sewer 7 feet 6 inches in diameter 
has been constructed, the discharge from which was 
2,493,000,000 gallons for the year 1894 to 1895, 
when the works first came into operation. The 
sewage has to be pumped at the outfall and this 
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involved an expenditure of 1700/. for the year or 
136". ?>d. per million gallons. The composition of 
the sewage varies at different times of the day, as is 
shown by the following table : — 





Grains per Gallon. 




I p.m. 


6 p.m. 

• 


12 Midnight. 


Matters in Solution. 
Oxygen absorbed (in one hour) 
Ammonia, albumenoid 

Matters in Suspension. 

Organic matter 

Mineral matter 


II'20 
•469 

28-7 
i6'i 


2-52 

•569 

14*0 

i8-2 


•91 
•232 

7-0 
5-6 


Total solid matter . . 
Colour (Loch Katrine =10) . . 


44-8 
500 


32-2 

40 


I2*6 

25 



When the sewage reaches the outfall works it 
first passes through three rotary screens 4 feet wide, 
constructed of f-inch bars riveted f inches apart 
on cross-bars (like link belting), with lifting plates 
6 inches deep, at intervals of 4 feet. These screens 
are set at an angle of 45°, and travel at the rate of 
14 revolutions per minute in the channel in which 
the sewage is flowing. The greater part of the 
rubbish remains on the bars and lifting plates, and 
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this is tipped into a square wrought-iron hopper 
which is emptied daily. The s^F^S^ passes from 
the bottom of the rotary screens into catch-pits 
which adjoin. These are 47 feet 10 inches long by 
20 feet broad and 28 feet 6 inches deep. Here the 
solid matter is deposited, and is raised by elevators 
into railway wagons. The sewage is then lifted 
2 5 feet, by centrifugal pumps, into a 3 feet g inch 
main which conveys it to the precipitation works, 
where it is treated with sulphate of alumina and 
lime. 

There are 24 precipitation tanks, and 24 aeration 
beds. The beds and tanks are arranged in rows, 
the aeration beds being on either side. The precipi- 
tation tanks are 50 feet long, 40 feet wide, and 
6 feet deep, with a capacity for Sr.ooo gallons each. 
I The aeration beds are 43 feet by 40 feet, with a fall 
I of 3 in 100, with occasional very shallow steps. The 
[ effluent channel in the centre is ry feet 6 Inches 
I wide. 

The tanks were designed to work either on the 
I intermittent or on the continuous system, but the 
r former has been adopted. Each tank can be filled 
|iin seven minutes, and the precipitation is completed 
I in 45 minutes. The sewage is first treated with 
Imilk of lime and then with sulphate of alumina. 
I The amount of chemicals used varies with the colour 
the sewage. The following table shows the 
normal quantities employed : — 
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Colour of Raw Sewage. 



Grey 

Dark grey 
Very dark grey 
Light brown . . 
Blue . . . . 
Brown . . 
Dark brown . . 



Alumina. 

Grains per 

Gallon. 



7i 

lO 

20 

30 

aO 



Unslaked Lime. 
Grains per 
Gallon. 



2.1 



-1. 

/2 



10 
20 



Frequently with afternoon sewage 1 7 1 lbs. is used 
per 35,000 gallons = 34*5 grains per gallon. 

The effluent is drawn off from the surface of the 
tanks by floating arms in the usual way, and flows 
over aerating channels made of blue bricks, to 20 
coke filters, each of which is 40 feet by 10 feet by 
3^ feet. The filtered effluent then passes in a 
3-foot open channel to 40 sand filters, the size of each 
being 40 feet by 38 feet by 2 feet 3 inches, formed 
of about 18 inches of Arran sand, and the same 
thickness of whin metal. The following figures give 
the amount of the impurity that is removed, both by 
coke filtration, and by coke and sand filtration. 

Filtration. 
Coke only. Coke and Sand. 

Organic matter 72 per cent. 81 per cent. 

Albuminoid ammonia ..34 „ 53 » 

Colour ^ 80 „ 88 „ 
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The proportions of the chemicals employed are 
varied to meet the great changes that occur in the 
composition of the sewage, which is due to the dis- 
charge from dye-works and tanneries. On Satur- 
days, Sundays, and during holidays, the sewage is 
practically of a domestic character, when the cost of 
chemicals does not exceed from 10^. to 12^. per 
million gallons ; but there are many working days 
when the cost reaches as high as 54^. per million 
gallons. The average is from 25^. to 305". per 
million gallons. 

The analyses on page 124, made by Mr. R. R. 
Tatlock (the city analyst), represent two typical 
cases, one for week-day sewage, and the other for 
Sunday sewage ; the effluent being filtered through 
sand ^s well as coke. 

The sludge passes by gravitation into a collecting 
tank 80 feet by 46 feet, and about 22 feet below the 
floor level. A cylinder (containing 1800 gallons) is 
placed close to this tank, and the sludge gravitating 
into it, is forced (by the exhaust air from the sludge 
presses) a height of 2 7 feet to the sludge-mixers. A 
solution of hot lime is here added to the sludge to 
facilitate pressing, the quantity being 46 pounds of 
lime to the 900 gallons of sludge that the mixer 
holds. The mixed sludge and lime are then forced 
(at a pressure of 100 pounds to the square inch) 
into the filter presses which are placed on a floor 
above. 
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There are seven of these presses, and they deal 
with 60 tons of wet sludge per day, each press 
making 41 cakes at a time, occupying about three 
hours. 

Analyses in Grains, per Gallon. 





Weekday. 


Sunday. 




Raw. 


Effluent. 


Raw. 


Effluent. 


Matters in Solution. 
Oxygen absorbed 
Ammonia, albuminoid 
„ free .. 


grains 
per gaL 

3*42 
•427 

1-435 


grains 
per gal. 

•72 
•238 

1-715 


grains 
per gaL 

•68 
•448 
1-575 


grains 
per gaL 

-14 

•105 

-595 


„ total .. 

Organic matter . . 
Mineral „ 


1-862 

12*04 
55-16 

67-20 

17-5 
i:*9 


1*953 

5-60 
40-04 


2*023 

7* 00 
24-36 


•700 

1-88 
37-32 


Total solid matter . . 

Matters in Suspension, 
Organic matter . . 
Mineral ,, 


45-64 

• • 

• • 


31-36 
2* I 

4*2 


39-20 


Total solid matter . . 

Alkalinity (as carbonate 
of lime) 

•Colour (Loch Katrine 

= 10) 


29-4 

26-60 
240 


• • 

22*96 
24 


6*3 

18-76 
44 


18-20 
8 
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The following are analyses of the pressed 
sludge, one being that of the cake as it came from 
the press, and the other that of the cake dried in 
the laboratory : — 



Chemical Report on Samples of Pressed Cake. 



1. Organic matter 

2. Mineral matter 
Water . . . 



Wet. 


Dry. 


Per cent. 


Per cent. 


13-88 


45*24 


16 -80 


54-7<^ 


69-32 




100-00 


100* 00 


•53 


1*75 


•64 


2* 10 


•38 


1-25 



1. Containing nitrogen 
Equal to ammonia . . 

2. Containing phosphoric acid 
Equal to tribasic phosphate 

of lime '83 2*70 

The works cost 105,000/. (38,000/., being for 
the acquisition of the site). The area of the site is 
capable of dealing with double the present quantity 
of sewage. The table on page 126, by Mr. Melvin 
(the works manager), shows the cost of treatment 
for the year 1894-5. 

The works were designed and carried out by 
Mr. G. V. Alsing, the borough engineer, who brought 
to bear on their design the great experience he had 
gained in connection with the sewage disposal works 
at Bradford. 
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THE AMINES PROCESS. 

This process employs herring brine with milk of 
lime as the precipitants. An experiment was made 
with it at Salford, from July 13 to 27 in 1891, 
with the six precipitating tanks at the outfall 
works there, which had an aggregate capacity of 
2\ million gallons. The following information is 
based on a semi-official description of the experi- 
ment. 

The sewage treated in the fortnight was 
84,623,300 gallons. The quicklime used was 120 
tons 13 cwt. 3 qrs. = 22J grains per gallon. The 
herring brine used was 21 tons 10 cwt. 3 qrs. = 4 
grains per gallon, the cost of these materials 
being i/. 15^-. per million gallons. The wet sludge 
produced was 221 1 tons 3 cwt, or about 26 tons 
per 1,000,000 gallons. Dried at 212° F. (the 
moisture being about 92 per cent.), this would 
give dried sludge about 177 tons, which as pressed 
cake (with 50 per cent, of moisture) is equivalent to 
354 tons, or about 4^ tons per 1,000,000 gallons. 

The effluent going continuously over the sill of 
the overflow tank was stated to be uniformly clear, 
bright and odourless ; a layer i inch in depth in a 



128 SEWERAGE AND SEWAGE DISPOSAL, 

white porcelain vessel was colourless ; a "white tile 
immersed in the overflow tank could be distinctly- 
seen at a depth of from 3 feet 6 inches to 4 feet. 
At the close of the trial an uncovered galvanised 
iron tank holding 100 gallons was, by direction of 
the referee-chemist to the Corporation, filled with 
effluent from the overflow tank, and was kept ex- 
posed to the influence of the atmosphere, and 
frequently to the rays of the sun, for nearly three 
months, at the end of which time it was, according 
to the works manager, as sweet and clear as when 
it was first put into the tank. 

Dr. Klein reported that, while the sewage 
samples submitted to him from the experiments at 
Salford yielded on plate cultivation above 10,000,000 
colonies of bacteria per cubic centimetre, the effluent 
yielded only 10 colonies (two of which were moulds 
accidentally acquired from the air). The Irwell 
water he found to yield on an average 80,000 to 
100,000 colonies per cubic centimetre. 
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PRECIPITATION OF SEWAGE BY 

ELECTRICITY. 

« 

Many years ago the author considered the possi- 
bility of precipitating the organic matters in sewage 
by electricity, but concluded that, although theore- 
tically quite feasible, it would be commercially less 
advantageous to towns than by other methods. He, 
however, wishes to give fair prominence to the 
efforts in this direction which have been made by 
some who have taken a less pessimist view. 

Mr. Webster's system of precipitating sewage by 
electrolysis was tried on a practical scale, in 1888-9, 
at the South Metropolitan outfall at Crossness, where 
an experimental plant was put up to treat 500,000 
gallons of London sewage a day. This was raised 
into a tank from which it flowed through a shoot or 
channel 400 feet long, in which were placed the 
electrodes in groups of 15 plates each, parallel to 
the sides of the channel, and about an inch apart. 
There were 22 sets of 15 wrought-iron plates (pig 
iron would do) each in parallel, and six sets each 
in series. The difference of potential was 2\ volts. 
The sewage took about 10 minutes to traverse this 
channel, but it was exposed to the electrolytic action 
in the channel a longer or shorter time according 

K 
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to the degree of pollution. It was estimated that, 
on the average, it required '25 ampere hours of 
current for each gallon treated, the current density- 
being one ampere per 1 1 square feet of electrode. 
The sewage, after being decomposed by this treat- 
ment, passed into a settling tank, where it remained 
at rest for an hour or two, the hydrogen gradually 
disengaging itself, and the coagulated particles sink- 
ing as sludge. 

The chemical reactions have not been clearly 
ascertained, but the nascent chlorine and the oxygen 
were carried to the positive electrodes, and there 
they rapidly oxidised the organic matter. The iron 
was also dissolved as a hypochlorite, and, combining 
with suspended matter, coagulated it in flocculent 
particles. These were buoyed up by the hydrogen 
bubbles, and rising to the top as froth, left a clear 
liquid beneath. It was found by analysis that the 
amount of iron dissolved was equal to two grains 
per gallon treated. No positive estimate of cost 
was made ; the working expenses were for coal, iron 
and labour, and it was alleged that these would 
amount to 13^. per million gallons of London 
sewage, if treated on a large scale. Interest and 
depreciation of plant have, however, to be added 
to this, together with the cost of dealing with the 
sludge. 

This is in reality a chemical process in which the 
chemicals are to a great extent manufactured from 
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the sewage itself, and are used in the nascent state, 
when it is well known they are most powerful. The 
average of 20 analyses of sewage before and after 
treatment showed that of raw . sewage, very turbid 
and opalescent, containing 33*35 parts of suspended 
matter in 100,000, the effluent was clear, containing 
I '56 parts per 100,000, mainly oxide of iron. 

Sir Henry Roscoe investigated the process and 
stated that the effluent from it showed no signs of 
putrefaction, but on the contrary a tendency to 
oxidise, and that by the process the soluble organic 
matter was reduced to a condition favourable to the 
further precipitation by natural agencies. He also 
found that in experiments carried out with Paris 
sewage, in which the organisms were five million per 
cubic centimetre, there were only six hundred in the 
effluent. 
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HERMITE PROCESS. 

Another method of sewage purification which 
employs electricity is the ** Hermite," and it is based 
upon producing an antiseptic or deodorising liquid 
by passing an electric current through sea water, or, 
if sea water is not available, through a solution of 
magnesium and sodium chlorides, and applying the 
resultant disinfecting liquid to sterilise the sewage 
in the town itself, instead of, as in other systems, 
treating it at an outfall. The following data are 
derived from the statements of those who are in- 
terested in the process, especially Messrs. Paterson 
and Cooper, the engineers. 

The electric current has an electromotive force 
of 6 to 7 volts, and a variable quantity which may 
reach 1200 amperes. This produces the decom- 
position of the chloride of magnesium contained in 
the sea water, the products being magnesia, and an 
oxygenated compound of chlorine. The magnesia 
is carried to the negative pole. The oxygenated 
compound of chlorine, which is produced at the 
positive pole, is dissolved in the water, to which it 
gives its deodorising and antiseptic properties. 

Sea water can be electrolysed to various strengths 
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of chlorine, corresponding to the smaller or greater 
quantities of chlorine set at liberty by the decom- 
position of the chloride of magnesium. 
I The apparatus by means of which the sea water 
r is electrolysed consists of a galvanised-iron tank 
in which are platinum and zinc electrodes. The 
platinum electrodes are constructed of platinum-wire 
gauze ; the zinc electrodes are discs of pure zinc, a 
[series of which are threaded upon two spindles, with 
r room between them for the platinum electrodes to 
be inserted. The zinc electrodes being attached to 
a spindle, revolve, and have scrapers acting on them 
I for the purpose of removing the deposit of mag- 
I nesium oxide which coats their surface during the 
electrolysis. The normal size of these electrolysers 
is such, that a current of 1000 or 1200 amperes 
may be employed, and the electromotive force may 
be taken approximately at 6 volts. On filling the 
tank with sea water, and passing the current through 
the electrolyser, the electrolysis of the sea water is 
brought about with the result that in the place of 
magnesium chloride, a hypochlorite of magnesia, and 
a precipitation of magnesium oxide, are obtained. 
This hypochlorite of magnesia is a complex salt, 
inasmuch as it holds in suspension a certain amount 
of nascent oxygen, resulting from the decomposition 
of the water which goes on at the same time, and 
it is this nascent oxygen, held in suspension by the 
magnesium hypochlorite, which is considered to 
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be the antiseptic and deodorising agent. It is 
stated by those interested in this process that it 
is perfectly easy to electrolyse sea water, and not 
to get good results, or only to get them partially, 
unless two or three points connected with this 
process are borne in mind. One is, that the longer 
the electrolysis goes on, the larger is the amount of 
hypochlorite formed, and the greater the concen- 
tration of the resulting antiseptic ; and further, that 
the longer the electrolysis goes on, the larger is 
the amount of time necessary to raise the solution a 
step higher in antiseptic power. 

In all the experiments that have been made, 
I gramme per litre has been the limit of strength 
which it has been found necessary to work up to, 
even for dealing with sewage requiring a very strong 
antiseptic; and with such a machine as has been 
referred to, looo litres can be raised to a strength of 
I gramme per litre in one hour with the consump- 
tion of I GOG amperes at 6 volts. 

The advocates of this process claim that the cost 
of producing one gramme per head in 24 hours, 
which is stated to be sufficient to deodorise and 
partially disinfect the sewers, would represent \\d. 
per head per annum, although it may reach i^. per 
head. 

The Hermite system has been considered as a 
plan for conveying this antiseptic into the houses for \ 
flushing the closets with it, but it admits of being \ 
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I used for treating the sewage in the sewers as high 
L up as it is found economical or advantageous to go. , 
The great advantage insisted on by those who 
I have interested themselves in this system is that by 
I its adoption the fluid refuse passing away from a 
I house is either deodorised or disinfected before 
I leaving the dwelling, or is so treated in the public 
I sewers shortly afterwards, by which means disease 
I germs are destroyed instead of developing during 
I the time the sewage is flowing. 

The following opinion of Dr. Klein may be 
quoted : — 

" Ordinary raw sewage of London, Manchester, 
land other towns that I have examined, contains 
^between 3,ooo,qcx) and 10,000,000 of bacteria per 
this "treated" sewage effluent of Worthing 
Icontains only 800 to tooo microbes per i c.c. It 
■follows that there has been effected by the mixture! 
■of the Hermite solution a remarkable reduction in 
[the number of living microbes. After treatment of 
he original cultures with the same bulk of Hermite 
lolution for 20 minutes, similar plates were made, 
and the number of colonies coming up in these plates 
was compared with those of the previous control 
Fplates. It was found that by the Hermite solution 
the number of living microbes was reduced some- 
thing like over 100 times." 

The system has been recently carried into 
practical operation in Ipswich, where the Hermite 
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solution is run into the main sewer near its com- 
mencement, and the treated sewage is discharged 
into the river Orwell. Mr. J, Napier, the Borough 
and County Analyst, read a paper on the chemistry 
of the process before the British Association this 
year, and his opinion appears to be favourable. 
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THE INTERNATIONAL COMPANY'S PROCESS 

The process of purifying sewage by the Inter- 
national Company's system deserves mention. The 
sewage solids are first precipitated by a material 
called Ferrozone, which is rich in ferrous iron, alum, 
magnesia, and magnetic oxide of iron, in a very 
spongy and absorptive condition. 

The following is Sir Henry Roscoe's analysis of 
this material : — 

Analysis of "Magnetic Ferrous Carbon" (Ferrozone). 

Soluble constituents : — 

Ferrous sulphate 26 • 64 

Aluminium sulphate 2*19 

Calcium sulphate 3 * 30 

Magnesium sulphate 5*17 

Combined water 8*20 

Moisture 24*14 

Insoluble constituents : — 

Silica "'35 

Magnetic oxide of iron .. .. .. 19*01 

100 '00 

The second part of the process is the purification 
of the effluent by a material called Polarite, and Sir 
Henry Roscoe, in 1888, describes Polarite in these 
words : — 
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" The porous nature of the oxide which is used in 
the filter, its complete insolubility and its freedom 
from rusting, constitute in my opinion its claim to be 
considered a valuable filtering material. A sample 
of this filtering material, taken at Acton, gives the 
following results on analysis : — 

Analysis of Polarite. 

Magnetic oxide of iron S3 ' S5 

Silica 25*50 

Lime .. 2*01 

Alumina 5*68 

Magnesia 7*55 

Carbonaceous matters and moisture . . 5*41 



100 • 00" 



He also gave the following analyses : — 

Analysis of Unfiltered Effluents. 

Parts Grains 

per 100,000. per Gallon. 

Chlorine 6*2 4*34 

Free ammonia i*i 0*77 

Albuminoid ammonia .. .. 0*071 0*050 
Oxygen absorbed from perman- 
ganate in 4 hours 0*652 o*459 



Analysis of Filtered Effluents. 

Parts Grains 

per 100,000. per Gallon. 

Chlorine 6*4 4*48 

Free ammonia o * 406 o * 2 84 

Albuminoid ammonia .. .. 0*025 o*oi8 
Oxygen absorbed from perman- 
ganate in 4 hours 0*325 0*228 
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In order to assist the action of a filter in which 
Polarite is used, the patentees have recently ar- 
ranged a filter which is aerated by air brought from 
the surface. The construction of the filter is as 
follows. The upper layer consists of about lo inches 
of clean sharp sand, on the surface of which the 
sewage effluent is distributed. Beneath this is a 
layer of i inch of grit, of a size to pass through a 
mesh of four holes to the square inch. Then comes 
a layer of 2 inches of pea gravel, and beneath that 
is 4 inches of stone or gravel, the size of which is 
I inch or ij inches. This forms the aerating layer 
into which are brought 3-inch vertical pipes placed 
about 6 feet apart. These pipes come down on one 
side (with a bend into the layer) from an inlet above 
the surface of the filter. On the other side they 
are carried up to a cowl outlet above the surface of 
the filter. This arrangement is relied on to aerate 
the impure water which trickles over the surfaces 
of the stones in this layer. After this aeration, the 
.fluid filters downwards through 6 inches of Polarite, 
under which is a layer of i inch of grit passing 
through a mesh of eight holes to a square inch. 
Then it filters through 1 inch of pea gravel, 2 inches 
of bean gravel, and, at the bottom of all, 4 inches 
of broken stone, in which 3-inch agricultural drains 
are laid, 3 feet apart. 

Experiments were made in 1893 at Lawrence, 
Massachusetts, with a filter ^ o^ - go of an acre area. 
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having a layer of Polarite 7 inches deep, the top 
being 6 inches below the surface, and beneath the 
Polarite was 5 feet 3 inches of sand '48 of a milli- 
metre in size. The experiment was made to remove 
colour from sewage containing dye stuffs. The rate 
of filtration was 160,000 gallons per acre daily for 
six days in the week for eight months, when the 
rate was doubled. The quality of the effluent was 
uniformly good for three weeks, when clogging 
occurred at the surface of the Polarite. The filter 
was allowed to rest for between two and three weeks, 
when sewage at the rate of 160,000 gallons a day 
was applied. The effluent was well purified, but 
clogging gradually reappeared. Then, for about five 
weeks, aniline dye was put in the sewage, in the 
proportion of '33 parts per 100,000. The effluent 
was slightly coloured after a few days, and became 
quite marked after 38 days. The dye was then dis- 
continued. During these periods another filter of 
the same construction, but without the Polarite, was 
similarly treated, and each was found to effect 
equally uniform purification attended with high nitri- 
fication. 

DuNDRUM Asylum. 

Mr. Kaye Parry (with Mr. Walter Adeney and 
Mr. James Carson) experimented on the purification 
of sewage at the Dundrum Asylum (in Ireland), 
containing about 250 people, the dry- weather flow 
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being 6000 gallons. This sewage passed through 
a straining chamber, and then to the bottom of the 
first of three tanks, 7 feet square, and 1 6 feet deep, 
each containing 5000 gallons. In rising to the sur- 
face from the floor of the tank the finer particles, 
constituting much of the suspended matter, are 
arrested mechanically. The clarified sewage is then 
carried to a second and similar tank, passing en rotitc 
through a mixing race, in which it receives a dose 
of manganate of soda, from two to five grains per 
gallon (or manganate with sulphate of alumina). 
This oxidises part of the organic matter, which 
falls to the bottom of this tank. The liquid then 
passes to a third tank, where nitre is added in the 
proportion of two or three grains per gallon, the 
purification being completed by the action of micro- 
organisms. These tanks are filled and emptied 
every 24 hours, the final effluent being stated to be 
dear and non-putrefactive. The sludge is drawn 
from the first tank, strained through canvas sacks, 
and spread over the floor of a drying shed ; a little 
of the manganese recovered from the second tank 
is added, and the two are worked up together and 
dried into a manure. 

Halifax has given this process a trial ; and inter- 
est attaches to it, inasmuch as the system is based 
on utilising the functions of bacteria, which play so 
important a part in sewage purification. 
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SHONE'S EJECTOR. 

When sewage has to be raised at places where 

the establishment of a steam pumping station would 

be undesirable, or would raise opposition, the power 

necessary to lift the sewage at such points can be 

developed at any convenient spot at a distance (by one 

of the several available systems) transmitted to these 

points, and applied to suitable lifting machinery 

placed in chambers beneath the surface of the 

ground. One appliance that is much employed 

under these circumstances is Shone's Ejector, which 

is an automatic arrangement by which compressed 

air, produced at some distant air-compressing station, 

is applied to the surface of sewage collected in a 

closed receiver. The air pressure forces the sewage 

out of the receiver to the sewer at a higher level. 

The operation is automatically controlled by a float, 

which rises, as the chamber fills with the sewage, 

and at a fixed height it opens a valve that admits 

the air under pressure, and the sewage is thereby 

rapidly displaced. As the float drops it cuts off" the 

air pressure, by which a further charge of sewage is 

admitted. This apparatus is serviceable as a means 

of avoiding deep sewers, and heavy pumping, over 
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k!omparatively flat areas, or where the outfall is not 
^t all times free. The rapid action of the Ejector 
has an advantage in discharging sewage from the 
low-level sewer to the higher level very quickly, 
which produces a flushing action. 

I A recent arrangement for a similar purpose is 
the sewage lift of Mr. Adams. This apparatus has 
for its object the raising of sewage from a low level 
iby means of air pressure obtained from a head of 
sewage at a higher level. This is effected by 
employing two closed receptacles, called the air and 
the forcing cylinders respccti\'ely, connected by an 
air pipe. The forcing cylinder receives the sewage 
at the low level, and the air cylinder receives 
sewage from an automatic flush tank where it is 
■discharged intermittently at the higher level, dis- 
iplacing the air from the air cylinder, and giving 
the required head or pressure to the column forc- 
ing the low-level sewage to the higher level. The 
operations of filling and discharging are governed 
Lby suitable automatic valves. 

Water pressure can be employed to effect the 
same object — as in Davey's differential hydraulic 
pumps, which also work automatically. The Hon. 
R. C. Parsons, C.E,, has employed hydraulic power 
fin draining the low-lying districts of Buenos Ayres 
rby automatic pumping at numerous small stations, 
thereby avoiding deep sewers. There are in all 
17 of these stations, and water pressure at 750 lbs. 
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per inch is supplied from a central station through 
8^ miles of mains from 5 inches to 2 inches in 
diameter. 

Electricity, developed at a distant point, can 
also be utilised to work motors for raising sewage 
in a similar way, at places where there may be 
objections, either engineering or sentimental, to the 
establishment of a steam pumping station. 
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CHAPTER X. 



SEWAGE SLUDGE. 



The sludge derived from chemical precipitation pro- 
cesses used to be regarded as a source of wealth, and 
much attention was bestowed on the subject by 
those who hoped to obtain the theoretical value of 
the fertilising ingredients contained in it ; but these 
anticipations have not been realised. The practical 
conclusion is that sludge has no recognised value to 
justify its being regarded other than as a product 
to be got rid of in the simplest and cheapest way. 
Small quantities can be disposed of by digging it into 
suitable land, not impervious, but open and porous. 
An economical plan for dealing with small quantities 
of sludge is to run it over beds of porous ashes, or 
ballast from burnt clay, or to mix it with dry road- 
sweepings. The bulk of the liquid mechanically sinks 
through such materials, leaving that which can be 
readily lifted by the spade or fork and carted on 
to land. At Ealing, Mr. JoneS; the engineer to the 
local board, mixes the sludge with the house refuse, 
and burns it in a refuse destructor. The sludge a^ 
the Barking and Crossness outfalls is conveyed, 
its liquid form, in sludge vessels, and is di^^* ' 
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into the sea. Some experiments were made by Mr. 
Dibdin, the chemist to the London County Council, 
as to the composition of this sludge when pressed, 
and the following are his analyses : — 



Average Composition of Pressed Sewage Sludge from 

Crossness. 

Per cent. 

Moisture 58 '06 

Organic matter 16*69 

Mineral 25*25 

100 '00 

The organic matter contains — 

Per cent on Per cent. 
Pressed Sludge. Nitrogen. 

Saline ammonia o*o35 1 

Organic nitrogen calculated as > 0*87 

ammonia 1*025 J 

The mineral matter contains — 

Per cent. 
Carbonate of lime 7 ' 94 

Free lime 2 • 45 

Silica 8 ' 08 

Oxide of iron o * 97 

Oxide of alumina 3*39 

Phosphoric acid ( = phosphate of lime i * 44) o • 658 

Magnesia traces 

Sludge from any system of sewage disposal con- 
sists of about 90 parts of water and 10 parts of 
solid. As the sludge is dried its weight diminishes 
in a ratio which it may be useful to define by the 
following simple rule, which the author gave in his 
book on Sewage Disposal published some years ago. 
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Let X = weight of sludge to be ascertained ; 

S = weight of soHds in the sludge (which is 

constant) ; 
P = percentage of moisture in the sludge. 



Then 



X = 



S X 100 
100 - P* 



For instance, to ascertain what weight 25 tons 
of sludge containing 90 per cent, of moisture would 
be reduced to when it is dried to 15 per cent, of 
moisture : 

Twenty-five tons of sludge with 90 per cent, 
of moisture contain 2 • 5 tons of solids (which is con- 
stant) ; therefore, applying the formula 

^ 2*5 X 100 

X = — = 2 • 94 tons. 

100 - 15 

The following shows the diminishing weights 
of 100 tons of sludge with proportions of moisture 
varying from 90 to 15 per cent. : — 



100 tons with 90 per cent, of moisture 



tons. 


per cent 


.. = 50 


with 80 


•• = 33*3 


» 70 


.. = 25 


,, 60 


.. = 2t> 


» 50 


.. = i6-6 


», 40 


.. = 14-3 


yy 30 


.. = 12-5 


„ 20 


.. = ii«76 


» 15 


L 


2 
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Dr. Wallace's Analyses oi 



Name of Town. 

Process of Precipitation. 

Date. 

Water 

Organic matter, carbon, &c. 
Phosphoric acid 

Sulphuric acid 

Carbonic acid 

Lime 

Magnesia 

Oxide of iron 

Alumina 

Sand, &c 

Phosphate of lime 

Nitrogen 

Equal to ammonia . . 

Calculated value per ton . . 



Aylesbury. 



ABC. 



1879. 



12 '60 



35 '60 



2*11 



2*70 



2-i8 



18 



6'20 



6-75 



33*50 



IOI'22 



4'6i 
I '60 
1-94 

J. 
33 



Birmingham. 



Lime. 



1879. 



12*70 



19-19 



•40 



1-45 
7*62 



ii*i9 



•90 



2*70 
2-68 



41*13 



99-96 



J". 
10 



•87 

•52 

•63 

d. 
9 



1879. 

13-16 

20*04 

•72 

•35 

8*53 
12*74 

1*37 
3-20 

2-58 

37*93 



100*62 



1*57 



•49 



II 



60 

d, 

5 



1 



Bolton. 



Lime and 
Charcoal 



1879. 

14*34 
26-18 

•62 

•61 

8-30 

14*50 
I '06 

1*98 

2*97 

29-50 



100 -06 ,, 

1*35 ;. 
•61 

•74,' 

I 

1 

s. d. 

13 4 
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AGE Sludge (Air-dried). 



Bradford. 


Coventry. 


Leeds. 


Leicester. 
Lime. 


Windsor. 


Lime. 


Sulphate of 
Alumina. 


Modified. 
ABC. 


Hanson's 
Process. 


HiUe's 
Process. 


876. 


1879. 


1877. 


1879. 


1876. 


1876. 


1879. 


1877. 


8-90 


6*92 


14*04 


10*04 


9*56 


16*40 


11*93 


11*76 


3-75 


34*53 


20*58 


23-09 


20*82 


27*92 


22*l8 


I2*o6 


•80 


•73 


1*56 


2*07 


•64 


•75 


1*21 


•87 


•64 


1-74 


1*32 


•56 


2*15 


I*02 


•51 


•49 


o'53 


13*77 


6*64 


5-71 


8*42 


13*11 


15-25 


22*71 


6*90 


20*37 


[9*16 


6-65 


9*68 


17-51 


20*l6 


31*09 


1-66 


S'o7 


'2^6 


•61 


5-64 


7*67 


1*48 


1-58 


2- II 


2*OI 


4*14 


2*66 


4*61 


2*32 


2*66 


1*68 


3'49 


3-89 


4*13 


5-80 


7*04 


6*30 


1-63 


2*31 


i-8o 


10*23 


37-83 


42*00 


31*60 


7-36 


22*30 


14*16 


D-58 


99'i6 
1-59 


100*26 


99*19 


100*16 


100*36 


99-31 
2*64 


98*71 


1*74 


3'4o 


4-52 


1-39 


1*64 


1*90 


•62 


•66 


•92 


1*27 


*66 


*7o 


1*08 


-52 


•76 


•80 


i*ii 


1-55 


•80 


•84 


1*31 


-63 


dT. 


s, d. 


s. 


s, d. 


s. d. 


J. d. 


f. d. 


5, d. 


; I 


IS 4 


20 


27 2 


14 2 


17 2 


21 7 


" 5 



ISO SEWERAGE AND SEWAGE DISPOSAL. 

Chemists base the value of sludge on the propor- 
tions of ammonia, phosphate of lime, &c., and it is 
assumed that these are capable of being assimi- 
lated by plants. Mr. Warington, in his valuable 
researches into the production of nitrates in the 
soil, found that nitrification, like all other kinds of 
fermentation, is affected by the presence of anti- 
septics. This may account for the sludge from 
chemical-precipitation processes not producing the 
agricultural results which, theoretically, were antici- 
pated, or to the sludge being applied before it has 
recovered from this arrested putrefaction. 

In 1879 Dr. Wallace made a report to the Cor- 
poration of Glasgow, assigning values to air-dried 
sludge from various precipitation processes, and it 
contained the table on pages 148, 149. 

Dr. Munro has given much consideration to the 
manurial value of sludge, and a paper read by him 
before the Chemical Society, contained the table 
on page 151 as the outcome of a series of experi- 
ments that he had made. 

Dr. Munro estimated that sludge which had been 
produced from a lime and sulphate of alumina pro- 
cess was worth 6^. 6d. a ton, valuing nitrogen at 
1 2s. per unit, and precipitated phosphoric acid at 
5^. 6^. per unit. He stated that dried sludge, on 
an average, contained 2 • 20 per cent, of phosphoric 
acid, equivalent to 4*80 per cent, of phosphate of 
lime, and i * 405 per cent, of nitrogen, equivalent to 
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In a /joj/ o: r;;}^: "Cu*: followin;:; -.vere the results: 

lbs. 
'I li': \\\\\\/>t.\i'\x"A Idiots produced on an average 153 

4 cwt.. per ;jcrc of fi.:.h guano p^roduced an 

incrcav: over this of 121 

8 rvvt. per .icre of ordinary superphosphate 

^^'lv<: an incn;a'ie of 175 

I ,J ion per ;u re of dried and ground Leyton 
Hlud;.;e Onoisture 27 per cent, nitrogen 
1*05 pcrr ccnl., phosj;horic acid 1*28 per 
cent.) ^.'ive an increase of 192 

JO lon.s j;er acre of farmyard manure gave an 

increase of 296 
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In 1894 a return was obtained by the Local 
■Government Board, from towns in which sewage 
pprecipitation works were in operation,' to ascertain 
if the precipitate was saleable. Two hundred and 
thirty-four places are given in the return, and at 
only thirty places was anything obtained for the 
sludge, the amount varying from \s. to 2J. 6^. per ton. 
Sewage sludge is usually converted into a 
portable material in filter presses, made by John- 
son & Co., Manlove Alliott & Co., and others. The 
principle of construction consists generally of a series 
of circular or square iron discs, the faces of which 

I are grooved and recessed, and are covered with a 
filter cloth. The plates slide on guides, and when 
they are close together they form a nearly cylindrical 
xnass of discs, with hollow spaces between them into 
[Jffhich the wet sludge is forced, generally by com- 
, pressed air. The fluid passes through the filter- 
ing material to the grooved surfaces of the plates, 
whence it is conveyed by holes at the bottom of 
he inner part of the plate to the outside of the 
press. The solids are retained in the space between 
he discs, from which they are removed by sliding 
he plates away from each other on the guides by 
land. The author some years ago patented a plan 
[or rapidly opening presses of this kind, by con- 
necting the series of discs together with links, and 
Settaching the whole to a crosshead. This was drawn J 
jlong the guides, either by a knuckle-joint leva 
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worked by hand, or by a piston rod actuated by 
compressed air or steam, so that, as the piston rod 
drew the crosshead forward, it was followed by the 
whole string of discs. 

The sludge before pressing is usually stored in 
an iron receiver, into which it is drawn from the 
sludge pit by exhausting the air in the receiver. 
With some sludges a little lime is added for the 
purpose of assisting the water to filter through the 
cloths. The sludge is generally forced from this 
receiver into the interstices of the discs of the filter 
presses by compressed air, at from 60 lbs. to 1 00 lbs. 
per inch, which being turned into the receiver dis- 
places the sludge. It is sometimes pumped direct 
from the sludge pits without a receiver. The cost of 
converting fluid sludge into this pressed cake is from 
2S. to 2S. 6d. per ton of cake containing about 50 per 
cent, of moisture, in which state it represents approxi- 
mately one-fifth of its original bulk. 
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CHAPTER XL 
FILTRA TION. 

The purification of sewage by passing it through 
land was considered, a few years, ago to be effected 
by the oxidation of the organic matter in the inter- 
stices of the soil. The researches of Mr. Robert 
Warington, at Rothampstead (following up some 
experiments published in 1877 by two French 
chemists, MM. Schloesing and Muntz), threw an en- 
tirely new light on the subject, and the interesting 
papers by him, which appear in the Journals of the 
Chemical Society, of the British Association, and 
of the Society of Arts, gave the results of his in- 
vestigations, and proved that the changes which 
take place in the soil are produced by a nitrify- 
ing organism. The practical outcome of these 
researches is of great importance to the engineer 
in regard to sewage disposal. 

The Annual Reports of the State Board of 
Health of Massachusetts afford* a unique example of 
carefully recorded observations, of great practical 
value to engineers. 

An extended series of experiments on the filtra- 
tion of sewage and water was carried on at their 
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(9) 4 feet 3 inches of very compact sandy hard 
bn of clay, sand and gravel, covered with 9 inches 
f brown soil. 

In addition to these large filters there were ten 
galvanised iron tanks under cover {numbered from 
\\ to 20), having an area of one-hundredth of the 
irge tanks, or one twenty-thousandth of an acre. 
These were drained with 5 inches of fine and coarse 
paterial as in the large filters. No. 1 1 tank had 
1 feet 8 inches of material like No. 6. Nos. 12, 13, 
(4 and 20 had five feet of coarse sand like No. i. 
3S. 15, 16, 17, r8 had sand and peat. 
The sewage that was experimented with was 
^dinary city sewage, derived from the stores and 
Bwellings of about 10,000 people, and the object 
ihat was aimed at was to learn how to purify it. 
The sewage from American cities is much more 
cilute than from European cities. In the former 
. sewage stronger than usual would contain 998 
barts of pure water, i part of mineral matter, and 
[ part of animal and vegetable matter (see page 9). 
The experiments were commenced in view of 
ivhat had been proved as to nitrificatiofi taking 
he leading part in the purification of sewage, and 
hat it was essential to produce the conditions most 
^vourable to develope nitrifying organisms-,^ 

laborate series of observations were recoH 
Betermine the purifying capacity of the severs' 
i evidenced by a comparison betwe 
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matter in the sewage, and the quantity of ammonia 
and nitrates in the effluents. The nearer the 
nitrogen of the nitrates in the effluent approach 
the whole amount of nitrogen in the sewage, the 
more completely has the desired change been 
effected. The experience of the winter of 1887- 
1888 showed that nitrification did not b^;in until 
the effluent from a tank reached a temperature as 
high as 39" F. It may be noted that Mr. Waring- 
ton pointed out that the oxidising power of the 
soil was greater in the summer than in winter. 
Also that the analyses of sewage effluents from land 
filtration would vary, owing to the nitrates produced 
in summer being assimilated by the growing crops, 
whereas in winter-time they would pass off with 
the subsoil water. 

The experiments on filter No i commenced in 
January 1888, by passing river water through it 
for a month at the rate of 1000 gallons a day, at 
a temperature of 45° F. Sewage was then first 
applied in small quantities, with interruptions due 
to obstructions to the filter from the formation of 
ice, the temperature for some weeks being 5° below 
zero on an average, and holes had to be cut into the 
filter to keep it open. For part of March and to 
the end of April 1 50 gallons a day were applied, the 
temperature of the effluent being uniformly 36"^. 
The nitrates of the sewage were very constantly 
o'Oi part in 100,000 parts. The nitrates of the 
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effluent varied, rising during April to i "oo part per 
100,000, the temperature of the effluent being 39", 
and still further rising to 3 * 00 in May, with a tem- 
perature of 50"^, and averaging for that month i -97 
parts per 100,000. The quantity of sewage passed 
through the filter in the earlier four months of 1888 
was at the rate of 30,000 gallons per acre per day, 
and double that in the later months. This larger 
quantity was applied for a year, none being applied 
on Sundays, a double dose being applied on the 
Saturday. 

The experience of the first winter showed that 
nitrification did not begin till the temperature of the 
uent was 39°. The following winter was less 
;vere, and the sewage was applied to the filters at 
a temperature of 45°, that of the effluent being 
about 40°. During the four cold months of 1888-89 
3 per cent, of all the nitrogen in the sewage was 
lund in the effluent, whilst in the four previous 
lonths, August to November, only 33 per cent, was 
found, showing that when nitrification had been once 
established it continued, even when the temperature 
of the sewage was as low as 35° and that of the 
effluent 33^. On the advent of spring, nitrification 
:came more complete, averaging in April 81 per 
t., in May 90 per cent., of the total nitrogen in the 
age, and varying during the other months from 
79 to 45 per cent. The six months (May to October) 
of the second year gave an average of 63 per cent. 
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compared to 41 per cent, in the corresponding 
period of the previous year, the filter having been 
continuously at work for two years without any 
renewal of material, or removal of sediment. 

In all the filters the same conditions obtained in 
regard to bacteria. As soon as the filter got into 
full operation, and nitrification was established, it was 
found that, over a period of a year and a half, the 
bacteria in the effluent were generally a very small 
fraction of i per cent, of the number in the sewage. 
In regard to the distribution of the bacteria in the 
filter, it was found that the numbers decreased 
rapidly from the top downwards, only about 3 per 
cent, being in the bottom inch of the number in the 
top inch. Through the 5 feet of coarse sand in 
filter No. I (o'o6 of an inch in diameter), from 
26 to 40 per cent, of bacteria passed. Through 
sand a tenth finer, in filter No. 2, 14 per cent, 
passed. Through river silt, in filter No. 4, 5 per 
cent, passed. Filter No. 6, with 3 feet 8 inches of 
coarse and fine sand and fine gravel, 5 per cent, 
passed through. Filter No. 5, with 5 feet of good 
brown garden soil, as well as peat, practically none 
passed through. 

In this connection it may be mentioned that 
Miquel states, in the * Manuel pratique d'Analyse 
bact6riologique des Eaux,' that the sewage of Paris, 
containing about 13,800,000 bacteria per c.c, is 
deprived of all but between 7000 and 8000 after 
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passing through the sandy soil of the sewage farm 
at Gennevilliers. 

During 1890, sewage was filtered through a bed 
of washed gravel stones five feet deep. For nine 
months sewage was applied nine times a day for 
six days in the week, in quantity equivalent to 
81,400 gallons per acre per day (or 70,000 gallons 
per acfe per day all the year), with the result that 
98 • 6 per cent, of the organic matter in the sewage 
was converted into nitrates, and more than 99 per 
cent, of the bacteria were destroyed. The quantity 
was then increased by applying the same amount 
hourly for fourteen, instead of nine, hours. This 
was equivalent to 126,000 gallons per acre per day 
for six days in the week for three months, ending 
October 24, when 98*5 per cent, of the organic 
matter was founa to have been converted into 
nitrates, and more than 99*6 per cent, of the bac- 
teria were destroyed. In November the quantity 
was again increased. 

The results of the experiments may be sum- 
marised in a general way as follows. 

Gravels and sands, from the coarsest to the finest, 
enable purification by nitrification to take place when 
the quantity of sewage is adapted to their capa- 
bility, and when the surface is not allowed to become 
clogged by organic matter, to the exclusion of air. 
With fine soils resting on fine sandy material, excel- 
lent results can be obtained, but at a very slow rate 

M 
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jrif.c-Li:-:::. due to the time occupied in getting 
ize 5^:arx^r ilvjc^h ihe niter, and in resting it for 
ihe ^Jr tc er.rtr ^r.d enect nltrincation. Filters with 
i ^r^-i:rr iirih of such nae material are useless, 
i< :hry rec-Lir., 7r:ij::cally alwa)-s saturated, and as 
:r.cy«;rA::ve ^ ::" i>.e >e\rxje was being passed con- 
::r.u:u>"". . '.'."::>. r^::: uron the surface of a filtration 
,iri^ iv;:r. :." i iev:h cf only one foot, its imper- 
v:c->r.-:>.> :j '^.:u'i. ar.i the quantitj- that it will 

rt::.u:i. rx;:iuer ir.:t:rri:::er.i nitration impracticable 

• • • • • 

The c\ycn:r.;:r.:< \v::h ^javel stones afforded the 
:x<: :".'u<:r.i::. :: c:' w>.:i: tjikes place in the purificar | 
tier, cf sc-.v.i^-. The slew movement of the liquid 
^ever. \v:;h :he ccjr^er suspended matters contained 
in the sewage • :r. :h:r. f.hr.s over the surface of the 
stones, ::i coiiuc: \v::h .lir. ciused 97 per cent, of the 
orgaiiic r.::ro^c::ous r.i.itter — a large part of which 
was i:i solution — as well as 90 per cent, of the 
bacteria, to be removed during a period of some 
months. There remained in the effluent only three 
per cent, of the decomposable organic matter of the 
sewage. The presence of bacteria was essential to 
produce this nitrification, which was found to be 
highest in all the filters from the end of April 
through May and June. 

The table on page 163 summarises part of the 
work done at the Lawrence Station in 1893. 
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The Lawrence experiments showed that, while 
some of the large outdoor filters were doing good 
work, after four years of continuous use, some had 
stored so much organic matter as to seriously cripple 
them, and this was always where the materials were 
fine sand, sometimes with coarser sand. The prac- 
tical remedy is either to give the filter rest, so that 
it may regain its purifying action, or to remove the 
clogged part until it has purified itself. The storing 
of such material is not productive of a nuisance, 
as it contains the most stable portions of the sewage, 
which, having resisted strong oxidising action, are 
incapable of rapid, or objectionable, decomposition. 
Filter No. 6, after being at work for four years, had 
filtered sewage equivalent to 15,000,000 gallons per 
acre per annum. To restore this filter would only 
involve the removal of the upper 2i inches. On a 
large scale, what would have to be done would be 
to rake, spade, or plough the surface to a greater 
or less extent, and let it rest. As the clogging is 
mainly due to the sewage not having time to get 
purified, intermittency of application is essential, 
and frequent small doses are better than large 
ones. Stored organic matter will disappear with 
rest, and may be regarded as amenable to good 
management. 

The average results from all the Lawrence sew- 
age filters, some of which have been at work for six. 
years, indicate that they may continue to purify 
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sewage for an indefinite time, provided they receive 
proper treatment to ensure nitrification. 

As the filtration of sewage requires to be dealt 
with from considerations that apply also to the 
filtration of impure water, some reference may be 
made to the investigations of Dr. Percy Frankland 
in regard to the bacteriological examination of 
waters. In a paper read at the Parkes Museum 
this year he gave some very interesting conclusions 
as the outcome of a long series of observations on 
the filtration of water. With respect to sand filtra- 
tion, it was pointed out that chemists had not 
regarded it with much favour, but he found that 
although sand filters were comparatively inert from 
a chemical point of view, they are superior to almost 
any other filters hitherto devised in their extra- 
ordinary power of removing bacteria, principally 
owing to the production of a layer of slimy silt on 
the surface of the sand. This layer takes some time 
to form, and its removal impairs the efficiency of the 
filter until it has reformed. Recent investigations 
have shown that even after passing through this 
layer of surface slime, very considerable numbers of 
bacteria still remain in the filtrate, and that to obtain 
a satisfactory filtrate it is essential that the water 
should pass through a layer of sand not less than 
15 to 24 inches in depth. It is, moreover, of im- 
portance to hasten the formation of surface slime, 
and to this end the water should be run on to the 
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filters, and left there undisturbed for twelve hours 
before filtration is actually commenced. 

Mr. W. J. Dibdin has carried out a series of ex- 
periments, at the London County Council outfall 
works at Barking, with a view to determining the 
best methods of filtering the effluent from the pre- 
cipitation tanks. Two series of experiments were 
made : the first with four small filters each -^^ of 
an acre, and with various filtering materials ; the 
second on a filter one acre in area, and using only 
coke breeze. 

The four small filters were all worked at the 
same rate, and during the same hours, and the fol- 
lowing description of the results is obtained from 
a report of Mr. Dibdin's to the London County 
Council, of September 1895. 

Filter No. i consisted of burnt clay ballast 4 feet 
thick. Effluent sewage was passed through it at an 
average rate, inclusive of rest periods, of 411,000 
gallons per acre per 24 hours. The average purifi- 
cation effected was 43 * i per cent. 

Filter No. 2 consisted of 4 feet of Lowestoft 
shingle of pea size. The purification effected was 
52*3 per cent. 

Filter No. 3 consisted of coke breeze to a depth 
of 4 feet, with 3 inches of gravel on the top to pre- 
vent the coke from floating. The average purifica- 
tion effected was 62*2 per cent. 

Filter No. 4 had an area of -g-J-^- of an acre, 
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and was made up as follows, from below upwards : 
5 'inches of walnut-size gravel, 2\ inches of bean-size 
gravel, li inches of pea-size gravel, and 10 inches of 
sand. It formed part of the filter, hereafter referred 
to, in which a layer of polarite was added. The 
effluent was passed through at the rate of one-half 
more per square yard than in the case of the other 
filters. The sand filtration was stated to be prelimi- 
nary to the treatment with polarite, the areas of 
the two portions being equal to one of the filters 
already described. The average purification was 
46 ' 6 per cent. 

Filter No. 5 contained an area of eight square 
yards, and consisted of the following, in order from 
below upwards : 3 inches of walnut-size gravel, 
2 inches of bean-size gravel, \\ inches of pea-size 
gravel, i inch of sand, and 12 inches of polarite. 
The effluent which it received had already passed 
through filter No. 4. The rate of filtration was 
three times that of the others, so as to bring up 
the rate of the combined filter to an equality with 
the rest. The average purification effected was 6 1 * 6 
per cent. 

The average rate of working, including periods 
of rest, was 411,000 gallons per acre in 24 hours. 

The report states that burnt ballast or gravel 
may be made much more efficient by using a greater 
depth of more finely granulated material, with a 
slower rate of filtration ; and it was considered that 
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the polarite filter " excelled the coke breeze only in 
appearance, the actual purification not being quite 
so much, while the cost is prohibitory/* 

Observations were made as to the number of 
micro-organisms that were present in the effluents 
before filtration and in the filtrates, and they varied 
largely, more being generally found in the filtrates. 
This was not regarded as any indication of the de- 
gree of purification effected, the presence of a large 
number of organisms being evidence of the activity 
of the process going on of splitting up the organic 
compound passing through the filters. 

In the second series of experiments a filter was 
constructed covering exactly one acre of land, and 
this was underdrained. It was converted into a 
filter, consisting of 3 feet of coke breeze covered 
with 3 inches of gravel. 

The filter was worked at first to see what volume 
could be passed without reference to results. It, 
however, soon became clogged with sludge, and 
after the sixth week all the filtrates were putrid. 

The first series of biological experiments was 
conducted with the preceding filter. The surface 
was raked, and the bed was allowed to rest during 
three and a half months. For fully three months of 
that time a putrid odour was observable when the 
filter was disturbed, but this gradually disappeared, 
and, during the last fortnight, the coke breeze was 
perfectly sweet. From that time the filter was kept 
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practically at work for nearly a year, the only rest 
of any length being from the 1 7th of November, 
1894, to the 2nd of January, 1895, when alterations 
in the arrangements were made to admit of more 
rapid emptying. 

The process adopted was to begin with small 
quantities, the filter being merely filled and emptied 
twice daily, with a view to getting it into the ne- 
cessary biological condition. This was commenced 
on 2nd April, 1894, and continued for a few weeks, 
the purification effected gradually rising. The quan- 
tity of effluent passed was about 500,000 gallons 
per diem, and the purification effected was from 70 
to 80 per cent. The highest state of efficiency was 
reached on the 3rd of May, or after a full month's 
working, when the purification reached 83 per cent., 
and fish placed in the filtrate were kept alive for 
many weeks. In fact, fish (minnows and stickle- 
backs) came up the ditch, by which the filter was 
emptied, to the very mouth of the outlet. 

Alterations were then made, and the daily quan- 
tity was increased to 600,000 gallons a day, with 
continued highly satisfactory results. 

Towards the end of 1 894 the emptying arrange- 
ments were supplemented by a pump, and, later, 
the resting time was shortened, until finally the filter 
passed i^ million gallons daily for six days, rest- 
ing empty from 10 p.m. on Saturdays until 6 a.m. 
on Mondays. The method adopted was to fill the 
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filter level with the surface as quickly as possible ; 
allow it to remain standing full for one hour, and 
then draw off with the least possible delay. Work- 
ing in this way the filter passed an average of one 
million gallons a day, including all times of rest, 
during a period of eight weeks, the filtrates being 
clean and sweet, and the purification effected being 
78 per cent. Nitrification proceeded satisfactorily, 
and the filter was apparently capable of continuing 
operative for an indefinite time. 

The filter was able to do its work satisfactorily 
during the exceptionally severe weather in January 
and February 1895. ^ ^^^ ^^^^ ^^ ^^^ was formed 
on the surface, but the filtration proceeded without 
intermission, the only noticeable change being the 
decreased production of nitric acid. 

From May until the end of September 1895, ^^e 
filter was kept continuously at work (except during 
one week in August), alternately filling, resting full, 
and emptying, with 24 hours entire rest each week. 
The table on page 171 shows the results, the figures 
given being weekly averages of daily analyses, the 
samples on which the latter were made being them- 
selves averages of quarter-hour samples from each 
filling and emptying. 

Mr. Dibdin concludes by saying that **the ex- 
periments, taken as a whole, show that sewage, espe- 
cially if previously clarified by precipitation, may be 
purified to any desired degree, the actual amount of 
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Table showing Results of Experiments by Mr. Dibdin. 



Date. 

1895. 



Week ending — 

May 4 

» II 

„ 18 

,,25 

June I 

„ 8 

» IS 

» 22 

,,29 

July 6 

>» 13 

» 20 

n 27 

Aug. 3 

„ 17 

,,24 

» 31 

Sept 7 

,,14 

)) Z I • • • • 

)l 2o • • • • 



Quantity of 
effluent passed 
daily per acre. 

Average of 
7 days. 



1,049,776 
1,050,878 
1,128,138 

1*076,939 
932,171 
725,718 
980,408 
925,621 
779,282 

9S9»Si2 

1,049,042 

956,825 

964,416 

839*472 
966,881 

959. 341 
966,042 

971,502 

1,013,071 

1,014,667 

1,013,071 



Oxygen absorbed in 

4 hours. 
Average of 7 days. 



Effluent 



Filtrate." 



3*592 

3*576 

3-867 

3*657 

4*009 

3*399 
3*247 
3*496 
3*441 
3*576 
3*282 

3*219 
2-852 

3*359 
2-8io 

2*928 

2*670 

2*683 

2*573 
2*746 

2*889 



*753 
*86i 

•865 

*862 

1*013 

*84i 

*872 

*698 

•566 
*6i4 

*572 
*53i 
*49o 
*538 

*45o 
•485 
•467 

*503 
*47o 
'461 
•491 



Purifica- 
tion, per 
cent. 



79*0 

75*9 
77*6 
76*4 

74*7 

75*3 

73*1 
8o*o 

83-6 

82*8 

82*6 

83*5 
82*8 

83-8 

87*6 

83*5 
82*5 

8i*3 
81*8 

83-2 
83-0 
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purification depending upon (i) the length of time 
during which the effluent is allowed to remain m 
contact with the filter, and (2) the length of time 
allowed for aeration. If a reduction of 75 per cent, 
in the oxidisable organic matters in solution be con- 
sidered as sufficient, the quantity that can be treated 
per diem on an acre of coke breeze is one million 
gallons, which gives a required area for the treatment 
of the whole of the metropolitan sewage — taken at 
1 80 million gallons — of 1 80 acres only. This rate is 
probably the highest that can be worked under all 
conditions of seasons. 

** If, however, only the effluents from the strong 
day sewage were submitted to filtration, as those 
from the weak night sewage obtained by precipi- 
tation after chemical treatment are sufficiently satis- 
factory, the area required would be proportionately 
reduced, viz. to about 1 20 acres." 



Lowcock's Filters. 

Mr. Sidney Lowcock has experimented with 
crude sewage, and effluents from chemical precipi- 
tation, in specially aerated filters, with a view to 
effect the nitrification of organic matter continu- 
ously by micro-organisms. He constructed a tank 
7 feet 6 inches square and 4 feet deep, at the bottom i 
of which he laid 3-inch open-jointed agricultural 



FILTRATION, 



•ains along the middle, covered with a 6-inch layer 
of 4-inch broken stone. On this was 15 inches of 
a fairly stiff clay, mixed with fine engine ashes and 
building sand in the proportion of two parts soil to 
one part of each of the others. He introduced into 
the rough stone a 3-inch perforated pipe, and forced 
air from a compressor into it. Crude sewage, after 
being roughly screened, was applied continuously 

10 the filter, into which air was also forced con- 
inuously. The sewage was applied at the rate of 
[63,780 gallons per acre for 24 hours during 19 
lays, the effluent being clear and colourless, and 
after a few days) odourless. A deposit 5 inches 
deep then covered the filter, which was raked over, 
and again started with the same dose of sewage. 
After another fortnight's run analyses were taken, 
and showed a reduction of 99*1 per cent, in the 
free ammonia, and 98*5 per cent, in the albumenoid 
ammonia. In another fortnight the surface had be- 
t come choked, and the dose was reduced to 66,900 

PKillons per acre per day, the effluent remaining ex- 
eellent. After a day's further working the filter 
was stopped, and 2 inches of the top surface were 
removed and replaced with fresh clay and sand, 
^_after which the experiment was continued with sew- 
^Kge at the higher rate of supply. After a week 
^pthe filter having been at work 54 days) the effluent 
^ was analysed and contained o"Oi3 parts free am- 
monia, and 0*024 parts albumenoid ammonia per 
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100,000. The material in the tank was found to 
be quite clean. 

The tank was then supplied with 'effluent, from 
precipitation tanks in which sewage had been treated 
with 6 grains of lime and 1 2 grains of Spence's alum 
per gallon. Effluent at the rate of 263,780 gallons 
per acre per day was then applied, the air pressure 
being continued. At the end of 10 days' continu- 
ously working the filter effluent was found to have 
improved the tank effluent by reducing the free am- 
monia from 4*530 to o'oii2, and the albumenoid 
ammonia from 0*052 to 0*0325. The effluent from 
the filter was clear, bright and odourless. The filter- 
ing material had then been in use eighty-eight days 

Another experiment was made with the tank 
filled up with 6 inches of rough stone broken to 
pass through a sieve with i-inch mesh, laid over the 
drain pipes, then a 3-inch layer of finer stone broken 
to pass through a f-inch mesh, then 10-^ inches of 
stone that passed through a sieve having 70 meshes 
to the square inch. A top layer of 3 inches of 
building sand was added. The air pipe was placed 
as before. The effluent from the tanks, before being 
passed to the filter, had the larger particles removed 
by passing it through another filter, after which it 
was applied at the rate of 484,000 gallons per acre 
per day. In four days the liquid disappeared, then 
it formed a film, and the quantity was reduced to 
373,800 gallons per acre per day, and after another 




■ to 178,000 gallons, when the surface cleared 

itself, and the flow was increased to 263,780 gallons 

for four days, when the surface was raked over and 

the flow increased. After the filter had been at 

work 41 days the surface became so dirty that the 

experiment was stopped, and an examination of the 

material in the filter showed that with the exception 

of the actual surface there was no change whatever. 

It was perfectly clean, and had an earthy smell. 

The result of these experiments led Mr. Lowcock 

to adopt a filter made up of a bottom layer of 

12 inches of pebbles (surrounding underdrains), over 

— which were 6 inches of bean gravel, 2 feet 6 inches 

Hpf pea gravel, 12 inches of pebbles (with air pipes 

^war air to be forced in by blowers), 44 inches of bean 

^Bfavel, 4i inches of pea gravel, and a top layer of 

^Bf. inches of sand. The surface of the filter is 

divided up into small areas, by divisions extending 

a short distance below the top layer of sand, so 

that the sewage can be diverted from any section 

for clearing the surface. 

I Mr. Scott Moncrieff claims to have discovered 
new departure in regard to utilising the microbe 
for sewage purification, and has experimented on a 
practical scale. He considers that the conditions 
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leading to the nitrification of organic matter when 
it is passed through land, may be regarded as a dry, 
or at most a moist process, as compared to the 
conditions which obtain when the organic matter 
is undergoing changes in large volumes of water. 
The biological relations in these two circumstances 
should be considered, as even if the organisms 
which produce the changes were the same, the 
limitations under which they would have to survive 
and work, when changed from one condition to the 
other, would be altered. 

What takes place in nature, and in the labora- 
tory, when micro-organisms are at work, in producing 
the changes from the organic to the inorganic state, 
is liquefaction, or the conversion of the organic sub- 
stance into a liquid equivalent, and to fulfil these 
conditions no deposition of the sludge precedent 
to the sewage being dealt with on this hypothesis 
is necessary. If this liquefaction is accomplished, 
Mr. Scott Moncrieff contends that it is the first step 
in a natural process, which is likely to be more 
favourable to a second, than any method outside the 
sphere of biological processes altogether ; and he 
considers that the deposition, or chemical precipi- 
tation, of the organic matter in tanks practically 
removes the organic matter from the conditions 
favourable to its liquefaction. As the organisms 
that produce liquefaction in the laboratory work 
upon the surfaces of the culture plates and tubes. 
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J will the organisms of liquefaction in sewage work 
Epon the surfaces of stones. All that is required is 
p) that no extensive fermentative changes should 
ave previously occurred ; {2) that the products 
pf liquefaction should be constantly removed. He 
ontends that by conveying fresh sewage into a 
festricting chamber covered with a grating, and 
fcUowing it to flow upward through flints, the 
prganic matter is brought completely into solution. 
\o suspended matter remains, and the effluent 
"contains the original organic matter in the sewage, 
in a condition highly susceptible to further disrup- 
tive changes, as it is In process of change from the 
ttganic to the Inorganic state. 

Thefirst step in the conversion beingliquefactlon, 

fevery effort should be made to effect it by providing 

means to secure the most rapid and complete Hque- 

Baction without nuisance, and the production of an 

fluent from the liquefying process which shall be 

1 susceptible as possible to further changes, cul- 

oinating in the complete resolution of the organic 

jonstituents of the sewage. 

The apparatus to effect this should possess a 
arge amount of surface with which the organically 
Ontamlnated liquid is always coming In contact. 
fhe liquefaction which occurs in drains and sewers 
dependent upon their Internal surfaces, which 
h'ovlde a breeding and feeding ground for the 
jquefying organisms. In contrast to this, a cesspit 
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has not sufficient surfaces, and is analogous to the 
nutrient contents of a glass tube in the laboratory, 
where a rapid growth of organisms, accompanied by 
liquefaction of the gelatin, takes place, but in which 
the development of the organisms, and their action 
upon the organic contents, is suddenly arrested, after 
the second or third day, by the evolution of products 
that are fatal to the continuation of the process. 
From this it appears that something more than mere 
surface is required, and that the two main factors 
necessary are not only providing sufficient surface, 
but also some means for the continual passing away, 
from that part of the apparatus where the active 
process of liquefaction is carried on, of the products 
of the organisms which are destructive of their ope- 
rations. 

In any apparatus that is to provide both of these 
necessary conditions simultaneously, the supply of 
fresh nutrient material must be continuous, and there 
must be no residual spaces where the deleterious 
products can accumulate. It is also necessary that 
the organisms of liquefaction must be free to move 
away from the relatively poisonous contents of the 
apparatus, towards the supply of nourishment which 
is for the time being free from these hurtful products. 
Mr. Scott Moncrieff" contends that a downward move- 
ment of sewage through a filter does not supply these 
required conditions, however it may be arranged, 
or whatever may be the materials composing it. If 
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effluent be drawn from the bottom of a down- 
ward filter, then the more soUd organic matter must 
be left on the top, and, gravity acting in the same 
3irection as the flow, the interstices of the apparatus 
will become filled with unliqueficd material. If, 
on the other hand, upward filtration is employed, 
gravity acts in a contrary direction to the direction 
of choking, and in this way the organic matter, 
having a tendency to remain behind, has time for 
:omplete liquefaction. The apparatus should be so 
Constructed that no spaces should remain unchanged 
by the movement of the fluid, and this object is 
ittained by restricting the area of the incoming 
channel at the bottom of the apparatus, so that the 
lewage is always free to move through it, and up- 
wards, either vertically or diagonally upon sloping 
sides, leaving no space unaffected by the general 
movement, and bringing all the contents in contact 
With the available surfaces. 

To what extent the presence of oxygen is neces- 
lary to attain these objects Mr. Scott Moncrieff is 
not prepared to say. He considers that if the free 
jxygen contained in the contaminated liquid has 
Sreviously been used up by fermentative or putre- 
active changes, precedent to its treatment in the 
controlled area, then the liquefaction will take place 
< slowly that the apparatus may soon be choked, 
[iis experiments show that a small supply of oxygen 
s sufficient, and that fresh sewage contains all that 
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is required to admit of the apparatus working coi>- 
tinuously without cleansing. The functions of the 
anaerobic and of the aerobic microbes are both in 
operation, but to what extent requires further eluci- 
dation on the part of bacteriologists. 

Mr. T. Leone, in a communication to the Che- 
mical Society, pointed out that organic matter was 
disintegrated by bacteria in the absence of air, 
by what he termed denitrification. The practical 
effect of these cultivation filters is, that the solids in 
sewage are liquefied by the action of certain organ- 
isms, which appear in the effluent with nitrates and 
nitrites, the harmless products of sewage disintegra- 
tion. Cultivation filters, as Mr. Scott Moncrieff calls 
them, have been constructed in various places, and 
the following is a description of one, which was in 
operation over a period of several months. 

The filter bed was about 3 feet deep, i\ feet 
wide, and 10 feet in length. The entire sewage dis- 
charge and waste waters from a household of from 
10 to 12 persons, with the exception of the grease, 
which was held back as far as possible by a grease- 
trap, passed into one end of this filter bed. The 
liquid portion rose through a false bottom, and then 
through successive layers of flint, coke and gravel, 
till it reached the level of the outflow pipe, about 
2 inches below the level of the invert of the drain. 
The depth of the filtering medium was only about 
14 inches. The cubic capacity of the filter bed was 
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thus SO small that the natural expectation would be 
that in a few days the filtering medium would be- 
come choked, and a nuisance result. As a matter 
of fact, however, the reverse of this happened, the 
effluent, up to a certain point, actually improving in 
quality, and the whole process worked satisfactorily 
and uninterruptedly for months together without con- 
stituting a nuisance. 

After the filter had been in use for over two 
months, the contents below the grating level were 
cleared out, and the only solid matter found was 
the last few days' sewage. The whole of the pre- 
vious solid matter had been converted into a dark 
coloured and offensive liquid, which was carried into 
a small trench dug in the ground. The effluent 
that had resulted from the working of the filter was 
dealt with by oxidising it in longitudinal nitrifying 
channels, consisting of half channel pipes filled with 
coke, with a view to convert the inorganic nitrogen 
in the effluent into nitrates and nitrites. 

The effluent (which had an unpleasant smell) 
as it passed direct from the filter bed had an alka- 
line reaction of a grey colour, with a small amount 
of brown coloured flocculent matter in suspension. 
The filter bed itself gave off no offensive gases, 
although it had remained unaerated the whole time. 
The average of several analyses of the effluent from 
the filter itself gave ii*6 parts of chlorine, 91 
total solids, 5*7 parts of free ammonia, and 0*84 
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parts of albumenoid ammonia, per 100,000. One 
cubic centimetre contained 793,750 micro-organisms. 
Analyses of effluent from two similar filter beds 
gave better results, the chlorine being 5 * 4 and 5 * 7, 
total solids 54 and 55, free ammonia 2*5 and I'o, 
per 100,000 parts, in the two filters respectively. 

In working the Scott Moncriefi" cultivation filters, 
what has been observed in all other filters occurred, 
namely, the necessity for establishing the nitrifying 
action in the filter. After one of these filters had 
been in use some months it was cleared out, 2tnd 
new filtering material was put in, when the quality 
of the effluent at once fell off, but on replacing 
the old material, in which nitrification had been 
established, an improvement of the effluent at once 
occurred. 

The effluent resulting from the filter beds being 
highly charged with nitrifying organisms and nitrates 
in a harmless form, would be valuable for applica- 
tion to land, or it could continue and complete its 
nitrification by a subsidiary process. The operations 
of the filter beds are rapid and continuous, requiring 
therefore no large tank storage. 
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Algebra.— ^/^e^ra Self-Taught By W. P. Higgs, 

M.A., D.Sc, LL.D,, Assoc InsL C.E., Author of ' A Handbook of the 
Differential Calculus,' elc. Second edition, crown 8vo, cloth, 2j. bd. 

CONTBNTS : 

Symbals anil thi SIeiu of Openulan— The Equation and the DoVnoMn Quantiiy— 
Poative ud Negslive Oiantities—Mnlliiilitatlon— involution— Eiponffnts— Negative E«po- 
ncnti— Roots, and Ihe Use of EjipDnBiIs a Logaiilhmi— Loearithma— Tahles of LpFarithnij 
and Pniaictianaie Puta— Tiansroimalion of Syaem of Laeaiilhmi— Comuiou Uhh of 
Cgmmon Lontithmi— Compound Muttiplicalion and the BiooRiial Theorem— Dirision, 
Fraclioni, and Ratio— Continued Proportion— Tbo Sejies and the SumtDation of ihe Selici— 
Uinli oT Seiiea— SquaiE and Cuba Roott— Equatioos— Llit of FonauliE. etc 

Architects' Handbook. — A Handbook of For- 
mula, Tables and Mtmoranda, for Architectural SuroeyBri and otktrs 
mgagidin Building. By J, T. HuRsT, C.E, Fourleenth edition, royal 

Ihem all, without any eicepdon, 
, for it appean to contain idmoil 
evtrytkiia thai anyone connected iriih building could require, and, best of all. made up in a 
compact Jorm for carrying in the pocket, meaiuritv oniy S ^ <>y 3 in-j And about 1 in. Ihitdc, 
in a limp covet. We eonEiatulati the author on the lucceis of hu labonoui and practically 
cummied little hoolc. whicb liaa received uuqualifiEd aod deeerved praise &om crver? ptofes- 
1100.-1! perwn to whom are iiavo ihowo iL"— r^r £uHm Bmldtr. 

Architecture. — l^own and Country Mansions and 

Suburban Houses, with Notes on the Sanitaiy and Artistic Conslruclion 

of Houses, Ulustralal by 30 fitalis, containing Flans, Etevalions, Pet- 

f «pecti»ca, and Interior Views of ^ecuted Works in the Queen Anne, 

I Classic, Old Enclish, AdaiD«, Jacobean, Lonis XVI., and otiier Styles. 

By William Yoono, Author of 'Picturesque Architectural Studies.' 
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Architecture. — The Seven Periods of English 

Architecture^ defined and illustrated. By Edmund Sharpe, M.A., 
Architect. 20 steel engravings and 7 woodcuts^ third edition, royal 8yo, 
cloth, I2J. td. 

Assaying. — The Assayers Manual: an Abridged 

Treatise on the Dodmastic Examination of Ores and Furnace and other 
Artificial Products. By Bruno Kerl. Translated by W. T. Brannt. 
With 65 illustrations, 8vo, doth, I2x. 6d, 

Baths. — The Turkish Bath: its Design and Con- 
struction for Public and Commerdal Purposes. By R. O. Allsof, 
Architect. With plans and sections, 8vo, cloth, 6s, 

Baths and Wash Houses. — Public Baths and 

IVash Houses, By Robert Owen Allsop, Architect, Author of * The 
Turkish Bath,' &c. With cuts and folding plates y demy 8vo, cloth, 6s, 

Blasting. — Rock Blasting : a Practical Treatise on 

the means employed in Blasting Rocks for Industrial Purposes. By 
G. G. ANDRtf, F.G.S., Assoc Inst C.E. IVith 56 illustrations and u 
plates, 8vo, cloth, $s. 

Boilers. — A Pocket-Book for Boiler Makers and 

Steam Users, comprising a variety of useful information for Employer 
and Workman, Government Inspectors, Board of Trade Surveyors, 
Engineers in charge of Works and Slips, Foremen of Manufactories, 
and the general Steam-using Public. By Maurice John Sexton. 
Third edition, enlarged, royal 32m o, roan, gilt edges, 5^. 

Boilers. — The Boiler-Maker s & Iron Ship-Builders 

Companion, comprising a series of original and carefully calculated 
tables, of the utmost utility to persons interested in the iron trades. By 
James Foden, author of * Mechanical Tables,' etc. Second edition, 
revised, with illustrations, crown 8vo, cloth, 5j. 

Brass Founding. — The Practical Brass and Iron- 

Founder"* s Guide, a Treatise on the Art of Brass P'ounding, Moulding, the 
Metals and their Alloys, etc. By James Larkin. New edition, revised 
and greatly enlarged, crown Svo, cloth, lox. 6d, 

Breweries. — Breweries and Mattings : their Ar- 
rangement, Construction, Machinery, and Plant By G. Scamell, 
F.R.I.B.A. Second edition, revised, enlarged, and partly rewritten. By 
F. Colyer, M.I.C.E., M.I.M.E. With 20 plates, Svo, cloth, \zs, 6d, 

Brewing. — A Text Book of the Science of Brewing. 

By Edward Ralph Moritz, Chemist to the Country Brewers' Society, 
and George Harris Morris, Ph.D., F.C.S., F.I.C., etc. Based upon 
a course of six lectures delivered by E. R. MoRiTZ at the Finsbury 
Technical College of the City and Guilds of London Institute. With 
plates aftd illustrations, Svo, cloth, i/. is. 
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Bridges. — Elementary Theory and Calculation of 

Iron BriJgts and Rsofi. By AUGUST RlTTER, Ph.D., Professor at the 
Polylechnic School at Aiic-la-Chapelle. Translated from the third 
German edition, by H. K, Samcbv, CapL R.E. With 500 Ulustraliaiu, 
8vQ, doth, 15J. 

Bridges. — Stresses in Girder and Roof Trusses 

far both Dead and Line Leads by Simple MnUiplicatian, with Stress 
Constants far too coses, for the use al Civil and Alechanical Engineers, 
Architects and Dtaaghtsmeo. By F. R. Johnson, Assoc. M, Inst. C.E. 
Part I, Girders. Part 2, Roofs. In I vol., crown Sto, cloth, bs. 
Contents : 

Pari I,— Introductory. Patl J— Strn5 Constinis (or Dead ind Live Loadl, Pact j^ 
Siins DiieiJimi. 

Builders' Price Book. — Sports' Architects' and 

Builders' Frici Book, -.vilh useful Memoranda. By W. YouNG. Cronn 
8yo. cloth, red edges, 31. td. PuUishid annually. 

Building. — The Clerk of Works: a Vade-Meciim 

for all engaged in clie Superintendence of Building Operations. By G, 0, 
HosKiNS, F.R-I.B.A. ITiird edition, fcap. 8vo, doth, is. id. 

Building. — Tlie Builder's Clerk: a Guide to the 

Man.igemenl of a Builder's Business. By THOMAS BALES. Fcap. 8vO, 
cloth, U. 6d. 

Canals. — Waterways and Water Transport in 

Diferent Countries. With a description of the Panama, Suei, Man- 
Chester, Nicaragnan, and other Canals. By J. Stephen Jeans, Author 
of 'England's Supremacy,' ■ Riilwny Problems,' &c Numerous itlus- 
Irations, 8vo, doth, 14J, 

Carpentry. — The Elementary Principles of Car- 
pentry. By Thomas Tkedgold. Revised from tlie original edition, 
and partly re-written, by John Thomas Hurst. Contained ii " " 



Section I. On the Equaliiy and Dtttrihuiiim of Forces — Sealm II. Reiluuec ef 
TLiiil,eT— Sedioo III. Construction of FloDit— Seclian IV. Coiutiuccii^a nl Roofi— Sec- 
tion V, ConitructiDn ot Domes and Cupolu— Secliun VI. Coiutruciioii of PartilIoru-~ 
•itauM VII. Scafloids, Staging, and Gantriet— Section VIII. ConslruciiLin oT Ccntica for 
Uridies— Secdoo IX. CoflM-da«s, Shoring, and Strutting— Section X. Wooden BtMao 
^nd Vladui.'ti— Section XI. Joinli, Sinpi, uid olhei Futenlnp^ecilon XII. Timliei. 

Chemistry. — Practical Work in Organic Ckemdsiry. 

By F. W. Striatpbild, F.LC, etc., Demonstrator of Chemistry ot the 
City and Guilds of London Inslilulcs Technical College, Finsbury. 
With a Prefatory Notice by Profeisor K. ^iEL[)OLA, F.R.S., F.LC. 
Crown 8vo, cloth, 3/. 
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Chemists' Pocket Book. — A Pocket-Book for 

Chemists^ Chemical Manufacturers^ Metallurgists^ Dyers, Distillers, 
Brewers, Sugar Refiners, Photographers, Students, etc., etc. By Thomas 
Bayley, Assoc. R.C. Sc. Ireland, Analjrtical and Consulting Chemist 
and Assayer. Fifth edition, 481 pp., royal 32mo, roan, gilt edges, Ss. 

Synopsis of Contents: 

Atomic Weights and Factor s Useful Data — Chemical Calculations— Rules for Indirect 
Analysis— Weights and Measures— Thermometers and Barometers — Chemical Physics- 
Boiling Points, etc.— Solubility of Substances^Methods of Obtaining Specific Gravity — Con- 
version of Hydrometers — Strength of Solutions by Specific Gnmt^<— Analysis — Gas Analysis— 
\Vater Analysis — Qualitative Analysis and Reactions— 'Volumetric Analysis— Manipulation- 
Mineralogy — Assaying — Alcohol — Beer — Sugar — Miscellaneous Technologic^ matter 
relating to Potash, Soda, Sulphuric Add, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, Appendix, etc., etc 

Coal Mining. — A Glossary of Terms used in Cod 

Mining. By WiLUAM Stukeley Gresley, Assoc Mem. Inst C.E^ 
F.G.S., Member of the North of England Institute of Mining Engineers. 
Illustrated with numerous woodcuts and diagrams, crown 8vo, cloth, 5^. 

Coffee Cultivation. — Coffee: its Culture mid 

Commerce in all Countries, Edited by C. G. Warnford Lock, F.L.S. 
Crown 8vo, cloth, I2J. dd. 

A practical handbook for the Planter, treating in a thoroughly practical manner on the 
cultivation of the Plant, the management of an estate, Diseases and enemies of the Coffee 
I'lant (with their prevention and cure), preparation of the berry for market, and statistics of 
local details of culture and production. Bibliography. 

Colonial Engineering. — Spons^ Information for 

Colonial Engineers , Edited by J. T. HuRST, Demy 8vo, sewed. 
No. I, Ceylon. By Abraham Deane, C.E. 2j. td. 

Introductory Remarks ^ Natural Productions — Architecture and Engineering — Topo- 
graphy, Trade, and Natural History — Principal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 

Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.I. With 

Map. 3J. dd. 

General Description of South Africa — Physical Geography with reference to Engineering 
Operations — Notes on Labour and Material in Cape Colony— Geological Notes on Rock 
Formation in South Africa — Engineering Instruments for Use in South Africa — Principal 
Public Works in Cape Colony: Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irrigation and Water Supply, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildings, Mines — Table of Woods in South Africa — Animals used for 
Draught Purposes — Statistical Notes — Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst C.E. With Map. 4^. dd. 

Physical Geography of India — Building Materials — Roads— Railways — Bridges — Irriga- 
tion — River ^ Works — Harbours — Lighthouse Buildings — Native Labour — The Principal 
Trees of India — Money — Weights and Measures— Glossary of Indian Terms, etc. 

Concrete. — Notes on Concrete and Works in Co7i- 

Crete; especially written to assist those engaged upon Public Works. By 
John Newman, Assoc Mem. Inst. C.E. Second edition, revised and 
enlarged, crown 8vo, cloth, 6j. 



Depreciation of Factories. — The Depreciation 

of Factariti and tJuir ValuatioK. By Ewing Matkesok, Mem. lasl. 
Cli. Second edition, revised, wiUi an InCrorfuclion by W. C. Jackson, 
Member of the Council of the Inslilule of Chartered Accountants. 
Svo, cloth, 7f. 6d. 

Drainage. — Tlu Drainage of Fens and Low Lands 

by Gravilalion and Stiant Powir. By W. H. Wheeler, M. Inst. C.E. 
Withj-tala, SvQ, cloth, iw. dd. 

rawing,— /f(«/i on Architectttral Draughtsman' 

ship. By G. W, TUXFQRD HALLATT. FCHp. 8vo, cloth, \s. td. 

Drawing. — The Draughtsman's Handbook of Plan 

and Map Drawing; including instructions for the preparation of 
Engiutenng, Architectural, and Mcdianical Drawings. IVili nunursus 
illusli-alisni in thi Uxl, and UplaUs {t$ pnrtUd in colours). By G. G. 
Andr£, F.G.S., Assoc Inst. C.E. 410, doth, 9^. 

Drawing Instruments. — A Descriptive Treatise 

en Malhcmalical DruTBing Inslrumenls : their construction, uses, ouali. 
ties, selection, preservalion, and suyKestions for improvements, with hinLJ 
□pon Drawing and Colouring. By W. F. STANLBr,M.R.L Sixth edition, 
with numerous illustrations, crown Svo, doth, y. 

Dynamo. — Dynamo- Tenders' Hand-Book, By 

F. B. Babt. With 70 iUiistraliiins. Third edition, i8mo, cloth, 4/. 6rf. 

Dynamo. — Theoretical Elements of Electro- 

Dynamk Machinery. By A. E. ivENNELLV. With illustrations, Svo, 
cblU, 4J. 61/. 

Dynamo -Electric Machinery. — Dynamo-Elec- 



Earthwork Slips. — Earthwork Slips and Subsi- 

dfiias upon Public Works: Their Causes, PreveBtion and Reparation. 
Especially written to assist those engaged in the Construction or 
Maintenance Of Railways, Dodcs, Canals, Waterworks, River Banks, 
Recluination Embaukiaents, Drainage Works, Ac, &C. By John 
Newman, Assoc. Mem. Inst. C.E., Author of "Notes on Conerele,' fi:c. 
Crown 8vo, cloth, 7f, &/. 

Electric Bells. — Electric Bell Construction : a 

treatise on the construction of Electric Bells, Indicators, and similar 
onparatus. By F. C. Alusop, Author of ' Practical Electric Bell Fitting.' 
iVilh 177 ntustnUions dra-wn lo scale, crown 8v0, cloth, Jt. 6rf. 
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Electric Bells. — A Practical Treatise on th 

fitting up and maintenance of Electric Bells and all the necessary apparaiu 
By F. C. Allsop, Author of * Telephones, their Construction and Fitting 
Second edition, revised, nearly 150 illustrations^ crown 8vo, cloth, 3^. (a 

Electric Lighting. — Wrinkles in Electric Lighting 

By Vincent Stephen. With illustrations, i8mo, doth, 2J. dd. 

CONTBNTS : 

I. The Electric Current and its production by Chemical nneaus — 9. Production of Elect 
Currents by Mechanical means — 3. Dynamo-Electric Machines — 4. Electric Ldunps 
5. Lead — & Ship Lighting. 

Electric Telegraph. — Telegraphic Connection 

embracing recent methods in Quadruplex Telegraphy. By Charl: 
Thom and Willis H. Jones. WUh iilustratiofis. Oblong 8vo, clot 
'js. 6d, 

Electric Testing. — A Guide for the Electric Tes 

ing of Telegraph Cables, By CoL V. HoSKlCER, Royal Danish Engineei 
Third edition, crown 8vo, cloth, 41. td. 

Electric Telegraph. — A History of Electric Tel 

graphyy to the Year 1837. Chiefly compiled from Original Sources a: 
hitherto Unpublished Documents, by J. J. Fahie, Mem. Soc. of T 
Engineers, and of the International Society of Electricians, Paris. Crov 
8vo, cloth, 9J. 

Electric Toys. — Electric Toys. Electric To; 

Making, Dynamo Building and Electric Motor Construction i 
Amateurs. By T. O'CoNOR Sloane, Ph.D. With cuts^ crown 8\ 
cloth, 4J-. dd. 

Electrical Notes. — Practical Electrical Notes a% 

Definitions for the use of Engineering Students and Practical Men, 
"W. Perren Maycock, Assoc. M. Inst. E.E., Instructor in Electric 
Engineering at the Pitlake Institute, Croydon, together with the Ru 
and Regulations to be observed in Electrical Installation Work. Seco 
edition. Royal 32mo, cloth, red edges, y. 

Electrical Tables. — Electrical Tables and Mem 

randa. By Silvanus P. Thompson, D.Sc, B.A., F.R.S., and EustA' 
Thomas. In waistcoat-pocket size (2 J in. by if in.), French morocc 
gilt edges, with numerous illustrations^ is. 

Electrical Testing. — A Handbook of Electria 

Testing, By H. R. Kempe, M.I.E.E. Fourth edition, revised a 
enlarged, 8vo, cloth, i&r. 
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Electrical Testing. — A Practical Guide to the 

Ttiiing of /niulaitd fVira and Caila. By Herbert Laws Webb, 
Memlier of tbe AmRricoD In&tnate ni Elcclricfd Engineers, and of tlie 
[ilulioQ of Electrical Engineci^ London. Crown Ivo, clolh, 4/. bJ. 

Electricity. — The Arithmetic of Electricity: a 

Manual of Eleotrital Calculntions by Eleclriea! Methods, By 
T. O'CoNOR Sloanb. Crown 8vo, doth, 41. 6d, 

Siectricity. — Short Lectures to Electrical Artisans, 

being a Course of Experimental Lectures delivered to a practical 
audience. By J. A. Flemino, M.A„ D.Sc. (Load.), Professor of Elec- 
irical Technology in University College, London, With diagraini, 
fourth edition, crown 8vo, cloth, 4J. 

Electricity. — Electricity, its Theoty, Sources, and 

Apflkatisns. By John T. Spkague, M.lml.E.E. Third edition, 
thoroughly revised and extended, -akth iiuiHerem iUiillraHoni ami tailes, 
vn Ivo, cloth, 15J. 

Electricity. — Trans/omters : their T/ieory, Con- 

structipn, and Application Simplified. By C. D. Haskins, Assoc Mem, 
American Institute of Electrical Engineers. Jlluslraird, crown 8vo, 
cloth, 4X. dd. 

Electricity in the Housz. —Domestic Electricity 

for Amateurs. Translated from the French of E. HOSPITALIEE, Editor 
of 'L'Electricien,' by C. J. WhAbton, M. Init, E.E. Numermu 
illtalratiom. Demy 8vo, cloth, 61. 

Contents : 

I. Ptodueltaii of the Mectnc CurreDl—i. Electric Bella — 3. AuUnutic Almiu— 4- DDmeSic 
TelephoDU— <- Eleciric Cloclu— «. ElsHric I.ighEen-7, Domuiic Eledric Lighliag— 
e. Uamutii: Applicalion of (ha Elecuii: Li^hl— g. £Ieciric Muion— id. Electnul Locamo- 
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Udmg— 11. I 

'E.X&cX.TO-IA^i^Tie.X. -The Electro- Magnet and Elec tro- 



[raEyplDg. PialinE, and Gilding — jb. Electric RecreaLbiu- 
'arVshop of the ELectridaa^ 



Electro-Motors. — Notes ok design of Small Dy 

namo. By Geo. Halliday, Whitworth Scholar, Professor of Engineer- 
ing at the llarlley Institute, Southampton, Plans, 8vo, cloth, w. 6d. 

Electro-Motors. — The practical managejnent of 

Dynamos and Metors. By Francis B. Crocker, Professor of Electrical 
Encinecring, Col umlwi College, New York, and SchuvlerS. Wheeleb, 
D.Sc Cuts, crown 8vo, cloth, v< ^- 



8 CATALOGUE OF SCIENTIFIC BOOKS 



Engineering Drawing. — Practical Geometry^ 

Ferspectvve and Engineering Drawing ; a Coarse of Descriptive Geometry 
adapted to the Requirements of the Engineering Draughtsman, including 
the determination of cast shadows and Isometric Projection, each chapter 
being followed by numerous examples ; to which are added rules for 
Shading, Shade-linmg, etc., together with practical instructions as to the 
Lining, Colouring, Printing, and general treatment of Engineering Draw* 
ings, with a chapter on drawing Instruments. By George S. Cla&kx, 
Capt R.E. Second edition, with 21 plates, 2 vols., cloth, loj. 6^. 

Engineers' Tables. — A Pocket-Book of Usefui 

Farmuke and Memoranda for Civil and Mechanical Engineers, By Sii 
Guilford L. Molesworth, Mem. Inst C.E., and R. B. Molesworth 
With numerous illustrations^ 782 pp. Twenty-third edition, 321110, 
roan, 6s, 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— Floonng, Roofing, and Roo 
Trusses— Girders, Bridges, etc.— Railways and Roads — Hydraulic Formube— Canals. Sewers 
Waterworks, Docks— Irrigation and Breakwaters— Gas, Ventilation, and Warming— Heat 
Light, Colour, and Sound — Gravity : Centres, Forces, and Powers — Millwork, Teeth 
Wheels, Shafting, etc. — ^Workshop Recipes — Sundry Machinery^-Animal Power — Steam an 
the Steam Enffme— Water-power, Water-wheels, Turbines, etc.— Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, etc. — Weights 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy — Mensura 
tion— Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square ant 
Cube Roots, Powers— Reciprocals, etc. — Useful Numbers— Differential and Integral Calcu 
lus— AlKebanaic Signs^— Telegraphic Construction and Formulae. 

Engineers' Tables. — Spons Tables and Memo 

randa for Engineers, ByJ. T. HURST, C.E. Twelfth edition, revised an( 
considerably enlarged, in waistcoat-pocket size (2f in. by 2 in.), roan 
gilt edges, is. 

Experimental Science. — Experimental Science 

Elementary, Practical, and Experimental Physics. By Geo. M. Hopkins 
Illustrated by 890 engravings, 840 pp., 8vo, cloth, ids. 

Factories. — Our Factories, Workshops, and Wan 

houses: their Sanitary and Fire-Resisting Arrangements. By B. H 
Thwaite, Assoc. Mem. Inst. C.E. With 183 wood engravings , crow 
8vo, cloth, 9J. 

Foundations. — Notes on Cylinder Bridge Pier 

aitd the Well System of Foundations, By John Newman, Assoc. V\ 
Inst. C.E., 8vo, cloth, ds. 

Founding. — A Practical Treatise on Casting am. 

Founding^ including descriptions of the modem machinery employed i 
the art. By N. E. Spretson, Engineer. Fifth edition, with 82 plati 
drawn to scale, 412 pp., demy 8vo, cloth, i8j. 
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Founding. — American Foundry Practice: Treat- 
ing of Lo^m, Dry Sand, and Green Sand Moulding, and containing a 
Practical Treatise upon the Management of Cupolas, and the Melting of 
Iron. By T. D. West, Practical Iron Moulder and Foundry Foreman. 
Sucond edition, viilk Hunuraui iliustraliam, crown Svo, clolh, izs, 6d. 

French Polishing. — The French - Polisher's 

Manual By a French- Polisher; containing Timber Staining, Washing, 
Matching, Improving, Painting, Imitations, Directions for Staining, 
Sizing, Embodying, Smoothing, Spirit Varnishing, Freoch-Folishing, 
Directions for Repolishing. Third edition, royal 32mo, sewed, id. 

Furnaces. — Practical Hints on ike VVorkitig and 

^CoiulrucUoit of Rrgnierator Furnaees, being an Explanatory Treatise on 
tfle SyEtcm of Gaseous Firing applicable to Relorl Settings in Gas 
Works. By Maurice Graham, Assoc. Mem. Insl. C-E. Cuts, Svo, 
dolh. 
.s Analysis.— Zi^f Gas Eneineers' Laboratory 
Baiidhook. By JoHN HOR-NBY, F.I.C., llonouia Medallist in Gas 
WanipnlatiQn, City and Guilds of London Instilute. Nuinemui Uba- 
tratioiu, crown Svo, dolh, ds. 
Contents : 

The GakncB— Weigfati add Weighing— Sampling— MechnnTcal DiTlsion— Dryin£ mil 
Seticcalion— Sululloa and EvapanUun — PrECtDlution — FilCnilidn ind Treument of 

equiied by Gai M^ilu— Technical Cu Analyuj— Gu KeTcteet' Inilruclions, cic etc 

Qas Engines. — Gas and Petroleum Engines: a 

K Practical Treatise on the Internal Combustion Engine. By Wm. Robin- 
H-'soH, M.E., Senior Demonstrator and X.ecturer on Applied Mechanics, 
V^ Physics, &c.. City and Guilds of London College, Finsbury, Assoc Mem. 

■ InsLCE., &.C. NnmerQUi illustrations. Svo, cloth, t4r. 

Gas Engineering. — Manual for Gas Etigineering 

students. By D. Lee. iSmo, doth, \s. 

Gas Works.— 6^3j Works: their Arrangement, 

Construction, Plant, and Machinery. By F. Colvkr, M. Inst. C.E, 
With y folding plaits. Svo, doth, 12/. &i 

Gold Mining. — Practical Gold-Mining : a Com- 
prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels, 
l- Rocks and Ores, and the Methods by which the Gold is eilracted By 

■ C. G. Warnfoed Lock, co-Author of 'Gold: its Occurrence and Eitt«c- 
^ lion.' IfilA S p/ata and 275 mgratiings in tie text, y&& pp., royal Svo, 
r cloth, ai SI. 

araphic Statics. — TheElements of Graphic Statics. 

By Professor Karl Von Ott, translated from the Gennan by G. S. 
Clarke, CapL R,E,, Instructor in Mechanical Drawing, Royal Indian 
Engineering College. WUk 93 Ulustratiani, crown Svo, cloth, 5/. 
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Graphic Statics. — The Principles of Graphu 

Status, By George Sydenham Clarke, Capt. Royal Engineers. 
With 112 Ulustratiom, Second edition, 4to, doth, izr. 6d, 

Graphic Statics. — Mechanical Graphics. A 

Second Course of Mechanical Drawing. With Preface by Prof. Perkt, 
B.Sc, F.K.S. Arranged for use in Technical and Science and Art Insti- 
tutes, Schools and CoUeges, by George Halliday, Whitworth Schok 
With illustrations^ 8vo, doth, dr. 

Graphic Statics. — A New Method of .Graphu 

Statics t applied in the construction of Wrought- Iron Girders, practically 
illustrated by a series of Working Drawings of modem type. Rr 
Edmund Olander, of the Great Western Railway, Assoc. Menu Inst 
C.£. Small folio, cloth, lar. td. 

Heat Engine. — Theory and Construction of a 

Natural Heat Motor, Translated from the German of Rudolf Diesel 
by Bryan Donkin, Mem. Inst. C.E. Numerous cuts and plates^ Sto, 
cloth, 6j. 

Hot Water. — Hot Water Supply: a Practical 

Treatise upon tlie Fitting of Circulating Apparatus in connection widi 
Kitchen Range and other Boilers, to supply Hot Water for Domestic and 
General Purposes. With a Chapter upon Estimating. By F. Dye, 
With illustrations^ crown 8vo, cloth, 3J, 

Hot Water. — Hot Water Apparatus: an Ele- 
mentary Guide for the Fitting and Fixing of Boilers and Apparatus for 
the Circulation of Hot Water for Heating and for Domestic Supply, and 
containing a Chapter upon Boilers and Fittings for Steam Cooking. By 
F. Dye. 32 illustrations^ fcap. 8vo, doth, \s, dd. 

Household Manual. — Spons Household Manual: 

2l Treasury of Domestic Receipts and Guide for Home Management 
Demy 8vo, cloth, containing 975 pages and 250 illustrations^ price 7/. f)d. 

Principal Contents : 

Hints for selecting a good House — Sanitation — Water Supply — Ventilation and Wanning 
— Lighting — Furniture and Decoration — Thieves and Fire— The Larder — Curing Foods for 
lengthened Preservation— The Dairy— The Ccllai>— The Pantry— The Kitchen— Receipts for 
Dishes — The Housewife's Room — Housekeeping, Marketing — The Dining-Room— The 
Drawing-Room— The Bedroom— The Nursery — The Sick-Room — ^The Bath-Room— The 
Laundry— The School-Room— The Playground— The Work-Room— The Library^The 
Garden — The Farmyard — Small Motors — Household Law. 

House Hunting. — Practical Hints on Taking a 

House. By H. Percy Boulnois, Mem. Inst. C.E., City Engineer, 
Liverpool, Author of * The Municipal and Sanitary Engineer's Hand- 
book,* * Dirty Dustbins and Sloppy Streets,* &c. i8mo, cloth, ij. 6^. 

Hydraulics. — Simple Hydraulic Formulce. By 

T. W. Stone, C.E., late Resident District Engineer, Victoria Water 
Supply. Crown 8vo, cloth, 41, 
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Hydraulic Machinery.— /^t/raw/ic Steam and 

Ifand-Pmvtr Li/ting and Fr/iiinj Machmtry. By FREDERICK COLYER, 
M. Inst. C.E., M. Inst. M.E. Second edi lion, rerised and eolHrged. WUk 
%%plalcs, 8vo. cloth, 2%s. 

Hydropathic Establishments. — The Hydro- 

falkic EsSabliskmint and Us Balks. By K, O. Allsop, Arehitect. 
Author of 'The Turkish Bath." JUuslratsd with plata and mtiom, 8vo, 

<='°'*'' 5^- Contents : 

Genoal Catie[deral<an< — Rsquirecntnlsorthe HydroiaIhieEitali1i>biiieDi--Sorae eilscing 
nstlcutiaiu— BacbiuidTicaUntouiiDiliIicBiTaiigcmcatorihc Bsth- Rodse—Vopsur Baths 
ind ihi Kiusiin BBth— Vhe OauchE Roooi and lu applinnsu— Muugc and ii^lecrriisl 
lYatmCDt— PidvcKutloD ud ihc Mont Doic Cuic— InhalalloD uiii Ih< Pine Cuce— The 

Hydraulic Motors. — Water or Hydraulic Motors. 

"' " " "■ ■ ' - - ■ - 0^ i^aCa, 9J. 



loa-n. Hrdnutics relating to Wa<erM9t«<-3. WiitB-whaelt-4. E 

. _ . t— o. Outwan' 

[. Mixed-Bow Tutblnei— 1>. ParaM-Row T 



Vaici-whCEli— 5. Ovtnhol and High-breast Walei-whcela— 6. Peltoo Waier-whceU— ?. 
;cncral Rinutki on Waiec-whicis — R. TuibiDO-o. Outwud-now TurUnea— 10. Inuinl- 



awTuiUsa— 14. RaculatiDa of Turbines— IS. Details of Tuitalnn— 16. Waler-pmuire or 
Irdraulic Engiom— 17. ReeipTDCalIng Walcr-prsuuni Enginaa— 13- Rotaltve Walci- 
reaiun Engines— 10. Oscillating Walet-preaaure Engine^-iw. Rolary Watepproaure 
jigiaea— II. General Renuktand Rul»forWster-pnuDi« Engines— 31. Hydraulic Raim 
-9'i. HydiBulIc Raauivithoul AirVenelln Direct Commimicatian witb the Drive Ptp^ 
4. Hydraulic Rama with Air Vend in Direct Comniualcatlon with the Drive Pipe— 15. 
iydraulic Pumping Runs— a«- Hydraulic Ram Engioea— 37. Deullt ofHydniulic Rama— 
B. RuleE, Formulas, and Tables iat Hydiaulic Rami— ao. Measuring Water m a Streani 
DdovetaWeu— lnd<:t. 

[ndicator. — Twenty Years with the Indicator. By 

Thomas Prav, Jan., C.E., M.E^ Member of the American Society of 
Civil Engineers. Willi illustralions, royal Svo, cloth, iw. fid. 

[ndicator. — A Treatise on the Richards Sieam- 

Engine Ind-calar and thi Dtvelopmeisl and AfifilicaHan of Force in tkt 
Sitam- Engine. By CHARLES T. PoRTER. mih Ututtralieni. Fonrth 
edition, revised and enlarged, Svo, ctolh. 9.1. 

[nduction Coils. — Indvction Coils and Coil 

Making : 3. Treatise on the Consliu^on and Working of Shock, Medical 
aod Spark Coils. By F. C. Allsof. U'llk 118 Uluiiraliant, crown Svo, 
cloth, 31. 6d. 

[ron. — The Mechanical and other Properties of Iron 

and Slal in eonntctian tei/i Iheir C/itntical Competilion. By A. VOSMABR, 
Engineer. Crown Svo, dolb, 6j. 

Contents : 

The mitaniitsical behaviour of tlarbon with Iron and Steel, abo Maagaoese— SilL™— 
?faoaphon;» — Sulphur — Copper.'Chropunni — Titanium.— Tuagitcs-^AIuimnium— Nicked 
;oba]t— Arsenic— Analyses >^ Iron and Snel. ftc 
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Municipal Engineering. — The Municipal wA 

SanUcary Engineer's Handbook. By H. Percy BouLNOis, Mem. lut 
C.E., Borough Engineer, Portsmouth. With numerotts ilJustnt^m, 
Second edition, demy 8vo, cloth, i$s. 

Contents : 

The Appointment and Duties of the Town Surveypr— Traffic— Macadamised Roadvqi* 
Steam Rollmg— Road Metal and Breakiug>-Pitched Pavements— Asphalte— Wood PftveaMt 
— Footpaths — Kerbs and Gutt e rs' Street Naming and Numbering— Street Lighting— SeM" 
^e — Ventilation of Sewers— Disposal of Sewage~-House Drainage — ^Disinfection— Gss id 
Water Companies, etc« Breaking up Streets — Improvement of Private Streets — Bonorat 
Powers — Artisans' and Labourerr Dwellings— Public Conveniences— Skavenging, incbfii 
Street Cleansing — Watering and the Removing of Snow— Planting Street Trees — Deposki 
Plans— Dangerous Buildii^s— Hoardings— Obstructions — Improvmg Street Lines-^CeOv 
Openings — rublic Pleasure GroundsF-Cemeteries — Mortuaries — Cattle and Ordinary Maibi 
—Public Slaughter-houses, etc.— Giving numerous Forms of Notices, Specifications,- ii 
General Information upon these and other subjects of great importance to Municipal £ap' 
neers and others engaged in Sanitary Work. 

Paints. — Pigments^ Paint and Painting. I 

Practical Book for Practical Men. By George Terry. fVitA ilba- 
trationSf crown 8vo, cloth, ^s, (>d. 

Paper Manufacture. — A Text-Book of Paper- 
Making. By C. F. Cross and E. J. Bevan. With engravings, crow 
8vo, cloth, I2s, 6d. 

Perfumery. — Perfumes and their Preparation^ con- 

tainining complete directions for making Handkerchief Perfumes, 
Smelling Salts, Sachets, Fumigating Pastils, Preparations for the carerf 
the Skin, the Mouth, the Hair, and other Toilet articles, with a detailed 
description of aromatic substances, their nature, tests of purity, ai^ 
wholesale manufacture. By G. W. Askinson, Dr. Chem. With 32 
engravings^ 8vo, cloth, I2j. ^d. 

Perspective. — Perspective., Explained and Illus- 

trated. By G. S. Clarke, Capt R.E. With illustrations, 8vo, cloth, 
3J. dd. 

Petroleum. — TJie Marine Transport of Petroleum, 

A Book for the use of Shipowners, Shipbuilders, Underwriters, Mer 
chants, Captains and Officers of Petroleum-carrying Vessels. By G. H 
Little, Editor of the * Liverpool Journal of Commerce.* Crown Svo^ 
cloth, I ox. dd. 

Phonograph. — The Phonograph, and How to Cor\f 

struct it. With a Chapter on Sound. By W. Gillett. With engraving 
and full working drawings, crown 8vo, cloth, 5 j. 




Pharmacy. — A Pocket-book for Pharmacists^ Medi- 
cal pracHihntTt, Students, etc., tie. (British, Colonial, and American). By 
Thomas Bavlev, Aseoc. R. Coll. of Science, Consulling Chemial, 
An.iiysl, and Assayer, Author of a 'Pocket-book for Chemists,' 'The 
Assay and Analysis of Iron and Steel, Iron Ores, uid Fuel,' etc, etc 
Royal 321110, boards, gilt edeea, (m. 

Plumbing. — Plumbing, Drainage, Water Supply 

I and' Hot Water Fitting. By JOHN Smeaton, C.E., M.S.A,, R.P., 
B Examiner to llie \Vorsliii)ful Plumbers' CoiBpany. Numtrmi tngravings, 
Blfivo, dotb, Is. 6d. 

Pumping Engines. — Practical I/andbook on 

Dina-aitiag Pumping Engine and Steam J^mfi ConitructinH. By 
Philip R. Bjoklino. fVil/t 20 plates, crown Svo, cloth, is. 

Pumps. — A Practical Handbook on Pump Con- 

slniction. By Philip R. EjenLiNG. Plates, crown Svo, doth, 5/. 
Contents r 

Principle of Ihe ka\aa of a. Puini>— aassilicalian of Pumps— DeuiHptian of nriniu 
losses or Pumps — Remarlu on deil^iDg Pamp«— McFeriab Pumps should bo made of for 
liffennt kindi of Liquids— De-niptlon of vniioui clanes of Purnp-valva— Miteriali Puvu- 
atvct ilicHild be made of for dllTereni kinds of Liquids— ViHoUJ OaiXf. of Pum1>-blielceli— 

tSieT^'s^iL., &i,'&r "'""' "" " "'^" '" '"' *" 

Pumps. — Pump Details. With 278 illustrations. 

By Phti.ip R. Bjohling, author of a Practical Handbook on Pump 
Constniilion. Crown Svo, cloth. Is. 6d. 
Contents r 

WEodborti— Fool-valrei and Strainers— (^dt-nieeei, DudtM-door-niece!, and H-pi<Kxs 
Voiking-tunEls and Plunger-Cases— PI unices or Kains— Piston and Plunger, Uuckel and 
*luneer, Buckets and Valves — Punm-rods and Spears, Spcu-rod Guides, ftc — Valve-swords, 
nrindlej, and Draw-hooks— Sei-olfs or Off-seisr— Pipes, Pipe-jrints, and Pipc-siays— Pump- 
lines— Guide-rods and Guidci, Kites, Yoke>, and CoDnectiDg-rods— L Bobs, T Uobi, 
VuEle or V I'pK and BalBt.cc-bca^u^ Rock-srms. aiid Ftod-uB Beams. Usterns, and Tanks 

Pumps. — Pumps and Pumping Machinery. By 

p. CoLVEK, Mem. Inst. C.E., Mem. Inst M.E. Put I., second edition, 
Terised and enlarged, witA 50 plates, Sro, cloth, iL Zt. 
COStTBNTS! 
Thne-tlifour Lift and Well Pumps— TonWii's Paient "Cornisli" Sioam Pump— Thome- 
-ill and Watham's Sieam Pump-Waiei Valves-Waur Melers-CenlririigJ Putnpiog 
Machinery— Airy and Audcntoo » Spiral Pum» — Bluwine EoglneH — Air Compressar^— 
[loritDDlal High-preituie Engines— Uarliontnl Compound £n3insi--Iliiid]et Engine— Ver- 
ieal Compound I'uniplnB EnKioti — Compound Beam Pumping kngines— ShonheyOst's 
(^lent Ri^ulalDi^-Cctnish Beam Englno— WonhlnRen High-duly Pumping Kngitie— 
Oavy'i Puent Dlffeicnllal Pumping Engine— Tgnkio's Fetenl Pumping Engine— Lancashiie 
Mo— BalKwk and WUc» Wa<ei~[ube Bidlers. 
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Pumps. — PumpSj Historically, Theoretically, ami 

Practically Contidered, By P. R. BjoRLiNG. With 156 ilhistratim. 
Crown 8vo, cloth, 7/. 6d, 

Quantities. — A Complete Set of Contract Documents 

for a Country Lodge, comprising Drawings, Specifications, Dimensions 
(for quantities), Abstracts, Bill of Quantities, Form of Tender and Con* 
tract, with Notes by J. Lraning, printed in facsimile of the original 
documents, on single sheets fcap., in linen case, $s. 

Quantity Surveying. — Quantity Surveying. By 

J. Leaning. With 42 illustrations. Second edition, revised, crown Syo, 
cloth, 9J. 

Contents ! 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of M easurement of the various Trades. 
Use and Waste. 



Schedule of Prices. 
Form of Schedule of Prices. 
Analysis of Schedule of Prices. 
Adjustment of Accounts. 
Form of a Bill of Variations. 
Remarks on Specifications. 



Ventilation and Wanning. 1 Prices and Valuation of Work, wiik 



Credits, with various Examples of Treatment. 

Abbreviations. 

Squaring the Dimensions 

Abstracting, with Examples in illustration of 



Examples and Remarks upon each Trade. 
The Law as it affects Quantity SurveyoiSt 

with Law Reports. 
Taking Off after the Old Method. 



each Trade. Northern Practice. 

Billing. The General Statement of the Methods 



(examples of Preambles to each Trade. 1 recommended by the Manchester Sodety 



Furm for a Bill of Quantities. 

Do. Bill of Credits. 

Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of BilL 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



of Architects for taking Quantities. 
Examples of Collections. 
Examples of *' Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



Railway Curves. — Tables for Setting out Curves 

for Raihtays^ Canals y Roads y etc, varying from a radius of five chains 
to three miles. By A. KENNEDY and R. W. Hackwood. Illustrated, 
32mo, cloth, 2s. 6d. 

Roads. — T/ie Maintenance of Macadamised Roads. 

By T. CoDRiNGTON, M.I.C.E., F.G.S., General Superintendent of 
County Roads for South Wales. Second edition, 8vo, cloth, 'js, 6d, 

Safety Valve. — Safety Valves: their history, ante- 
cedents^ invention^ and calculation ; including the most recent examples of 
Weighted and Spring-loaded Valves, also showing the effect of Atmo- 
spheric Pressure on Safety Valve Discs, showing the curious phenomenon 
of Balls being sustained by an inclined current of Air ; Vacuum Valves, 
and their importance in heating and boiling. By W. B. Le Van. With 
69 engravings^ fcap. 8vo, cloth, 6j. (>d. 




Scamping Tricks. — Scamping Tricks and Odd 

Knovilidgt e<casianatly practUed upon Public Works, chronicled from the 
confessions o( some old Practitioners. Bj John Newman, Assoc. M. 
Inst. C,E., author of ' Earthwork Slips and Subsidences upon Public 
Works,' ' Notes on Concrete,' &c. Crown 8vo, clotli, w. 6d. 

Screw Cutting. — Turners Handbook on Screw 

Culling, Coning, til., c/c, witli Tables, Enamples, Gauges, and 
FormulK. By Walter Price. Fcap. 8vo, cloth, ii. 

II Screw Cutting. — Screw C-atting Tables for En- 

^^ ginecrs and AfacAiniils, givmg the values of the difterent trains of Wheels 
^b required Co produce Screws of any pitch, calculated by Lord LlMDSAV, 
■ M.P. Oblong, ctoth, as. 

\ Screw Cutting. — Screw Cutting Tables, for the 

use of Mechanical Engineers, showing the proper arrangeraeol of WhecU 
for cutting the Threads of Screws of any required pitch, with a Table for 
miking the Universal Gas-pipe Threads and Taps. By W. A. Martin, 
Engineer. Setond edition, oblong, cloth, is. 

I Slide Valve. — A Treatise on a Practical Method 

of Designing Slide- Vahic Gears by Simple Geometrical Construction, based 
upon the principles enunciated in Euclid's Elements, and comprising the 
various forms of Plain Slide- Valve and Expansion Gearing ; [ogelber with 
Stephenson's, Gooch's, and Allan's Link- Motions, as applied either to 
reversing or to variable expansion combinations. By Edward J. Cow- 
ling Welch, Mem, Inst M.E. Crown 8vo, dolh, &. 

I Steam Boilers.— ■S'^d'aw Boilers^ their Manage- 
ment and Working an land and sea. By jAMBS PeaTTIB. Wifi 
Uluslralion!, crown Svo, cloth, 5;. 

Contents : 

_ Wain Combustion— lomuttlioo—Poi 
fand Sale (fTect^ Feed— BlQwii^ 0,11— i 



Steam Engine.— TV/s 6'/^flff( Engine considered as 

a Thermodynamic Miiciiine, a ireaiise on the Thermodynamic efficiency 
of Steam En^nes, illostrated by Tables, Diagrams, and Examples from 
Practice. By Jas. H. Cotterill. M.A., F.R.S.. Professor of Applied 
Mechanics in the Royal Naval College. Second edition, tevised and 
enlarged, Svo, cloth, 151. 
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Steam Engine. — A Practical Treatise an the 

SUam Engine, containing Plans and Arrangements of Details for Fixed 

Steam Engines, with Essays on the Principles involved in Design and 

Construction. By Arthur Rigg, Engineer, Member of the Society of 

Engineers and of the Royal Institution of Great Britain. Demy 410, 

copiously illustrated with woodcuts and 103 plates, in one Volume. 

Second edition, cloth, 25J. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam £np;ine$ without enterii^ into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Smi- 
portable, Coruss, Allen, Compound, and other similar Engines, by the most eminent Finns i» 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistoas, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and £quilil»itim 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Afrplying the Indicator 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Steam Engine. — Steam Engine Management ; a 

Treatise on the Working and Management of Steam Boilers. By F. 
CoLYER, M. Inst. C.E., Mem. Inst. M.£. New edition, i8mo, cloth, 

Steam Engine. — A Treatise on Modern Steam 

Engines and B oilers y including Land, Locomotive and Marine Engines 
and Boilers, for the use of Students. By Frederick Colyer, M. Inst 
C.E., Mem. Inst M.E. With "2/^ plates, 4to, cloth, 12s, 6d, 

Contents : 

X. Introduction — 2. Original Engines— 3. Boilers — 4. Hi^h-Pressure Beam Engines— 5. 
Cornish Beam Engines — 6. Horizontal Engines — 7. Oscillating Engines — 8. Vertical High- 
Pressure Engines — 9. Special Engines— 10. Portable Engines — xx. Locomotive Engines— 
12. Marine Engines. 

Sugar. — A Handbook for Planters and Refiners ; 

being a comprehensive Treatise on the Culture of Sugar-yielding Plants, 
and on the Manufacture, Refining, and Analysis of Cane, Palm, Maple, 
Melon, Beet, Sorghum, Milk, and Starch Sugars ; with copious 
Statistics of their Production and Commerce, and a chapter on the 
Distillation of Rum. By C. G. Warnford Lock, F.L.S., &c.; 
B. E. R. Newlands, F.C.S., F.I.C., Mem. Council Soc. Chemical 
Industry; and J. A. R. Newlands, F.C.S., F.I.C. Upwards 0/200 
illustrations and many plates f 8vo, cloth, i/. los. 

Surveying. — A Practical Treatise on the Science of 

Land and Engineering Surveyings Levellingy Estimating Quantities^ etc.f 
with a general description of the several Instruments required for Sur- 
veying, Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, 
revised by G. W. Usill, Assoc. Mem. Inst. C.E. 41 plates, with illus- 
trations and tables s royal 8vo, cloth, 12s, 6d. 



Tables of Logarithms.—^ B C Five-Figure 

Lggarilliiii! for griicral mi. By C, J, Woodward, B.Sc Containing 
Mantissa of numbers to to,ooo, Lo^. Sines, Taogenls, CotanEenls, and 

lines lo lo" of Arc. Together with Ml cxplanatious sad simple 

rcises showing use of the tulJes. 4J. 

Fables of Squares. — Barlow's Tables of Squares, 

Cuba, Square Rools, Cube Rooti, Riciprecali cfall Inlegtr Numiert up to 
10,000. Post SvQ, cloth, 61, 

Telephones. — Telephones, iJidr Construction ana 

"tiittg. By F. C. Allsop. Second edition, revised aad enlarged. With- 
o illuslraiioiis. Crown Svo, cloth, Jj. 

Tobacco Cultivation. — Tobacco Growings Curing, 

and jManu/ntturing ; e. Handbook for Planters in all parts of the world. 
Edited by C. G, Warnford Lock, F.L.S. With illuslratieni. Crown 
Svo, doth, ^s. bd. 

Tropical Agriculture. — Tropical Agriculture: a 

Tiealise on the Culture, Preparation, Commerce and Consumption of ibe 
principal Products of the Vegetable Kioedom. By P. L. SiMMONDS, 
K.LnS., F.K.C.I. New edition, revised and enlarged, Svo, cloth, 2IJ. 

Turning. — The Practice of Hand Turningin Wood, 

Ivory, Sliell, tic., with Instructions for Turning such Work in Metal as 
may be required in the Practice of Turning in Wood, Ivory, etc ; also 
an Appendix on Ornamental Turning. (A book for beginners.) By 
Francis Campin. Third edition, with wood engravings, crown Svo^ 
doth, 31. bd. 

Valve Gears. — Treatise on Valve-Gears, with 

special consideration of the Link-Motions of Locomotive Engines. By 
Dr. GUSTAV Zbunee, Professor of Applied Mechanics at the Coofede- 
rated Polytechnikum of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. Klkih, Lehigh Uiuversity, Bcthlebem, Pa. 
Illustrakd, 8vo, cloth, lu. 6d. 

Varnish. — TIis practical Polish and Vamish-Mak:r ; 

a Treatise containing 750 practical Kcceipts and Formula; for the M.inn- 
Encture of Polishes, Lacquers, Varnishes, and Japans of all kinds, for, 
workers in Wood and Metal, and diii'ctions for using same. By 11. C. 
Stakdaiie (Practical Chemist), author of 'The Artist's Manunl of 
Pigments.' Crown Svo, doth, 61, 
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Ventilation. — Health and Comfort in House Build- 
ing; or, Ventilation with Warm Air by Self-acting Suction Power. 
WiUi Review of the Mode of Calculating the Draught in Hot-air Flues, 
and with some Actual Experiments by J. D&ysdale, M.D., and J. W. 
Hayward, M.D. With plates and woodcuts. Third edition, with some 
New Sections, and the whole carefully revised, 8vo, cloth, *js, 6</. 

Warming and Ventilating. — A Practical 

Treatise upon Warming Buildings by Hot Water ^ and upon Heat and 
Heating Appliances in general ; \nth an inquiry respecting Ventilation, 
the cause and action of Draughts in Chimneys and Flues, and the laws 
relating to Combustion. By Charles Hood, F.R.S., F.R.A.S., &c 
Re-written by Frederick Dye. 8vo, cloth, i$j. 

Watchwork. — Treatise on Watchwork, Past and 

Present. By the Rev. H. L. Nelthropp, M.A., F.S.A. With 32 
illustrations^ crown 8vo, cloth, 6/. dd. 

Contents : 

Definitions of Words and Terms used in Watchworic— Took — ^Time^Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— >Length of Time of Going without Winding 
np— The Verge — ^The Horizontal— The Duplex— The Lever— The Chronometer^Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring— Compensation — ^JeweUing of 
Pivot Holes— Clarkenwell — Fallacies of the Trade — Incapacity of Workmen—How to Qioosc 
and Use a Watch, etc. 

Waterworks. — The Priftciples of Waterworks 

Engineering, By J. H. Tudsbery Turner, B.Sc, Hunter Medallist 
of Glasgow University, M. Inst. C.E., and A. W. Brightmore, M.Sc., 
Assoc. M. Inst. C.E. With illustrations^ medium 8vo, cloth, 25 j. 

Well Sinking. — Well Sinking. The modem prac- 
tice of Sinking and Boring Wells, with geological considerations and 
examples of Wells. By Ernest Spon, Assoc. Mem. Inst. C.E. 
Second edition, revised and enlarged. Crown 8vo, cloth, loj. 6^/. 

Wiring. — Incandescent Wiring Hand-Book. By 

F. B. Badt, late ist Lieut. Royal Prussian Artillery. With 41 illustra- 
tions and 5 tables, i8mo, cloth, 41. 6d, 

Wood-working Factories. — On the Arrange- 

mentf Care^ and Operation of Wood-zvorking Factories and Machinery^ 
forming a complete Operator's Handbook. By J. Richard, Mechanical 
Engineer. Second edition, revised, woodcuts^ crown 8vo, cloth, 5^, 
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8P0N8' DICTIONARY OF ENGINEERING, 

CIVIL, MECHAiriCAL, KHITABT, & HAYAL, 



WITH 



Teohnioal Terms in French, German, Italian, and Spanish. 



In 97 numbers, Super-royal 8vo, containing 3132 printed pages and 7414 
engravings. Any number can be had separate : Nos. i to 95 \s, each, 
post free ; Nos. 96, 97, 2j., post free. 



Complete List of all the Subjects : 



Nos. 

Abacus I 

Adhesion .. .. .. .. I 

Agricultural Engines .. I and 2 

Air-Chamber ... ,. .. 2 

Air Pump .. .. .. ..2 

Algebraic Signs .. .. ..2 

Alloy .. .. .. .. 2 

Aluminium .. .. ..2 

Amalgamating Machine .. ..2 

Ambulance .. .. ..2 

Anchors .. .. .. ..2 

Anemometer .. .. 2 and 3 

Angular Motion . . . . 3 and 4 

Angle-iron.. .. .. •• 3 

Angle of Friction . . . , . . 3 

Animal Charcoal Machine .. 4 

Antimony, 4; Anvil ,, ..4 

Aqueduct, 4 ; Arch ., ..4 

Archimedean Screw .. ..4 

Arming Press .. .. 4 and 5 

Armour, 5 ; Arsenic ., •• 5 

Artesian Well .. .. •• 5 

Artillery, 5 and 6 ; Assaying .. 6 

Atomic Weights .. ,, 6 and 7 

Auger, 7; Axles .. .. -.7 

Balance, 7; Ballast .. ••7 

Bank Note Machinery ,. ••7 

Barn Machinery .. .. 7 and 8 

Barker's Mill .. .. ..8 

Barometer, 8; Barracks •• .. 8 



Barrage 

Battery 

Bell and Bell-hanging 

Belts and Belting . . 

Bismuth 

Blast Furnace 

Blowing Machine 

Body Plan.. 

Boilers 

Bond .. .. 

Bone Mill .. 

Boot-making Machinery 

Boring and Blasting 

Brake 

Bread Machine 

BreMring Apparatus 

Brick-making Machines 

Bridges 

Buffer 

Cables 

Cam, 29; Canal .. 

Candles 

Cement, 30; Chimney 



Nos. 

8 and 9 

.. 9 and 10 

•• 10 
. . 10 and 1 1 

.. II 
..II and 12 

.. 12 
.. 12 and 13 
.. 13, 14, 15 
.. 15 and 16 

.. 16 
.. .. 16 

.. 16 to 19 
.. 19 and 20 

. . 20 
.. 20 and 21 

.. ' 21 to 28 
.. 28 

. . 28 and 29 

. . 29 

. . 29 and 30 

30 



Coal Cutting and Washing Ma- 
chinery .. .. .. .•31 

Coast Defence .. .. 3I> 32 

Compasses.. .. .. ..32 

Construction . . . . 32 and 33 

Cooler, 34; Copper .. ..34 

Cork-cutting Machine .. ••34 
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Corrosion .. 

Cotton Machinery 

Danuning .. 

Details m Engines 

Displacement 

Distilling Apparatus 

Diving and Diving Bells 

Docks 

Drainage .. 

Drawbridge 

Dredging Machine 

Dynamometer 

Electro-Metallurgy 

Engines, Varieties 

Engines, Agricultural 

Engines, Marine .. 

Engines, Screw .. 

Engines, Stationary 

Escapement 

Fan . . 

File-cutting Machine 

Fire-arms .. 

Flax Machinery .. 

Float Water-wheels 

Forging 

Founding and Casting 



Nos. 

34 and 35 

•• 35 

35 to 37 

37, 3f 

.. 38 

38 and 39 

.. 39 

39 and 40 

40 and 41 

.. 41 

.. 41 

41 to 43 

43»44 

44*45 
I and 2 

74, 75 
89, 90 
91,92 

45,46 

.. 46 

.. 46 

46,47 

47,48 

.. 48 

.. 48 

48 to 50 



Friction, 50 ; Friction, Angle of 3 
Fuel, 50; Furnace .. 50, 51 

Fuze, 51 ; Gas .. .. .. 51 

Gearing .. .. .. 51, 52 

Gearing Belt .. .. 10, 11 

Geodesy .. .. ., 52 and 53 

Glass Machinery .. .. •• 53 

Gold, 53, 54 ; Governor . . . • 54 

Gravity, 54 ; Grindstone . . 54 

Gun-carriage, 54 ; Gun Metal . . 54 
Gunnery ., .. .. 541056 

Gunpowder .. .. ..56 

Gun Machinery .. .. 56, 57 

Hand Tools .. .. 57, 58 

Hanger, 58 ; Harbour . . . . 58 

Haulage, 58, 59; Hinging .. 59 
Hydraulics and Hydraulic Ma- 
chinery . . . . . . 59 to 63 

Ice-making Machine . . . . 63 

India-rubber .. .. ..63 

Indicator . . . . . . 63 and 64 

Injector .. .. .. ..64 

Iron .. .. .. 641067 

Iron Ship Building .. ..67 

Irrigation .. .. ..67 and 68 



Nos 

Isomorphism, 68 ; Joints .. 6i 

Keels and Coal Shipping 68 and 6c 
Kiln, 69 ; Knitting Machine .. 6( 
Kyanising .. .. .. .. 61 

Lamp, Safety .. .. 69, yc 

Lead .. .. .. .. 7^ 

Lifts, Hoists . . . . 70, 7] 

Lights, Buoys, Beacons .. 71 and 7: 
Limes, Mortars, and Cements .. 71 
Locks and Lock Gates .. 72, 7; 
Locomotive .. .. ,.7; 

Machine Tools . . . . 73, 7^ 

Manganese .. .. .. 7^ 

Marine Engine .. ..74 and 7; 

Materials of Construction 75 and 71 
Measuring and Folding . . . . 71 

Mechanical Movements . , 76, 7; 
Mercury, 77 ; Metallurgy ., 7; 

Meter .. .. .. 77,71 

Metric System .. .. .. 7I 

Mills .. .. .. 78, 7( 

Molecule, 79 ; Oblique Arch .. 71 
Ores, 79,80; Ovens .. .. & 

Over-shot Water-wheel . . 80, 8; 
Paper Machinery . . .. ,. 81 

Permanent Way .. .. 81,8: 

Piles and Pile-driving . . 82 and 8^ 
Pipes .. .. .. 83,84 

Planimeter .. ., ..84 

Pumps .. .. .. 84and8f 

Quarrying 85 

Railway Engineering . . 85 and 86 
Retaining Walls .. .. ..86 

Rivers, 86, 87 ; Riveted Joint .. 87 
Roads . . . . . . 87, 88 

Roofs 88,89 

Rope-making Machinery ,. 89 

Scaffolding .. .. ..89 

Screw Engines .. ., 89,90 

Signals, 90 ; Silver . . 90, 91 

Stationary Engine .. 91,92 

Stave-making & Cask Machinery 92 
Steel, 92 ; Sugar Mill , . 92, 93 
Surveying and Surveying Instru- 
ments . . . . . . 93, 94 

Telegraphy . . . . 94, 95 

Testing, 95; Turbine .. ..95 

Ventilation . . 95, 96, 97 

Waterworks . , . . 96, 97 

Wood- working Machinery 96, 97 
Zinc ,. .. .. 96,97 
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Abacus, Counters, Speed 


Coal Mining. 


Lighthouses, Buoys, and 


IndicUors, uid Slid: 


Coal Catting Machines. 


BeacoDS. 


Rale. 


Coke Ovens. Copper. 


Machine Tools. 


Agricultural Implements 


Docks. Draioage. 


Materials of Conslnic. 


and Machinery. 


Dredging Machinery. 


tion. 


Air Compressors. 


Dynamo - Electric and 


Meters. 


Animal Charcoal Ma- 


Magneto-Electric Ma- 


Ores, Machinery and 


chinery. 


Chines. 


Processes employed to 


Antimony. 


Dynamometers, 


Dress. 


Axles and Ail^boxes. 


Electrical Eogineering, 


Piers. 


Bam Machinery. 


Telegraphy, Electric 


Pile Driving. 


Belts and Belting. 


Lighting and its prac- 


Pneumatic Transmis- 


Blasting. Boilers. 


tical details,Telephones 


sion. 


Brakes. 


Engines, Varieties of. 


Pumps. 


Brick Machinery. 


ExploHves. Fans. 


Pyrometers. 


Bridges. 




Road Locomotives. 


Cages for Mbes. 


the practical work of 


Rock Drills. 


Calculus, DUferentialand 


the Foundry. 


Rolling Stock. 


InlegriL 




Sanitary Engineering. 


' Canals. 


Hammers, Steam and 


Shafting. 


fcrCarpenlry. 


other Power. 


Sted. 


■Casi Iron. 


Heat. Horse Power. 


Steam Nayvy. 


HiCenieat, Concrele, 


Hydraulics;. 


Stone Machinery. 


H" Limes, and Mortar. 


Hydro-geology, 


Tramways. 


Bchimner Shafts. 


Indicators. Iron. 


Well Sinking. 


HCool Cleansing and 


LifU, Hoists, and Eleva- 
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In demy 4to, handsomely bound in cloth, illustrated with 220 full ^ge plates, 

Price 151. 



ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A OOMPLETE WORE ON THE DETAILS AND ARRANaEMEKT 
OF BUIIiDINa CONSTRUOTION AND DESIQN. 

By WILLIAM FULLERTON, Architect. 

Containing^ aao Plates, with numerous Drawing^s selected from the Architecture 

of Former and Present Times. 

Th€ Details and Designs are Drawn to Scale, J", J", J", and Full siate 

being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads : — Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 



specimen Pagis, rrducedjnm tht origiiia!s. 
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IVitA nearly 1500 illustrations, in super-royal 8vo, in 5 Divisions, dotk 
Divisions I to 4, 1 3/. 6^. each ; Division 5, l^s. 6</. ; or 2 vols., cloth, £'^ vol 

SPONS' ENCYCLOPAEDIA 



OPTHK 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies,. 89 pp. 78 ngs. 
Alloys. Alum. 

Asphalt Assa3ring. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

PP- 
Explosives, 22 pp. 33 figs. 

Feathers. 

Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 10 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 ^ 
Printing and Ei^raviog 

20 pp. 8 figs. 
Rags. 
Resinous and Gumnif 

Substances, 75 pp.ii 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp, 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 p(k 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, S pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. ly^ 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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JUST PUBLISHED, SECONP EDITION. 



Crotm Svo, dotb, with Uli 



WORKSHOP RECEIPTS, 

FIRST SERIES. 



iping Acids. 

iwing Office Details. 



Synopsis of Contents,; 
' Freeiing. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

GildinE- 

Glass Cutting, Cleaning, 
" istiog, Drilling, 






■ Metallurgy ^ Glass Making. 

ling, Dipping, Glui.-s. 

ScrBtch-bmshing, Bat- Gold. 

teries, Baths, and Graining. 

Deposits of every; Gums. 

dEscription). ' Gun Cutton. 

uiDiels. Gunpowder. 

graving on Wood, ' Horn Working. 

Copper, Gold, Silver, Indiarubber. 



Paper, 

Paper Hanging. ' 

" — ing in Oils, in Water 



Colou 



well 1 



, Trans- 
parency, Sign, and 
Carriage Painting. 

Phott^apby. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Slain^ Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Soldera. 

Tanning. 

Taxidermy, 



Steel, and Stone. ' Japans, Japanning, and I Tempering Melalt. 



ching and Aqaa Tint I kindred pi 

rework MakJi^ — Lacquers. 

(Rocketl, Stara, Rains, I Lathing. 

Gerbes, Jets, Tonr-, Lubricants. 

Irillona, Candlei, Fires, | Marble Working. 

.LancesiUghts, Wheels, I Matches. 

Tire-balloons, and. Mortars. 

oinor Fireworks). I Nilro-Clycerine. 

lies. Oils. 

indry Miilnrci. I 



Varnishes, Manu^ture 

and Use of. 
Veneering. 
Washing, 
Waterproofing. 
Welding. 



Besides Receipts relating to the lesser Technological matlcrs and processes, 
ch as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
itty. Wax, Siie, Alloya, Catgut, Tnnbtidge Ware, Ficlure Frame and 
[cKitecInral Mouldings, Compoa, Cameos, and others too numerous to 
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Crown 8vo, doth, 485 pages, with illustrations, 5/, 



WORKSHOP RECEIPTS. 



SECOND SERIES. 



Addimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleadiing. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Synopsis of Contents* 

Disinfectants. ! 

Dyeing, Staining, and | 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving, 



Pigments, Paint, and Painting : embracing the preparation of 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivoiy, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, EgyptiaB, 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswid, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussiaii, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colc(^ 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (almoi 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, "Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paifi 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removing smell, discoloration; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriajge painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-vamishiDg> 
how to dry paint \ woodwork painting). 
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Crown 8vo, doth, 480 pages, with 183 illustrations, $/• 



?V^0RKSHOP RECEIPTS. 



THIRD SERIES. 



Uniform with the First and Second Series. 



Synopsis of Contents. 



.m. 



rs. 


Iridium. 


Rubidium. 


linium. 


Iron and SteeL 


Ruthenium. 


mony. 


Lacquers and Lacquering. 


Selenium. 


im. 


Lanthanum. 


Silver. 


Ilium. 


Lead. 


Slag. 


uth. 


Lithium. 


Sodium. 


aiunu 


Lubricants. 


Strontium. 


am. 


Magnesium. 


Tantalum. 


urn. 


Manganese. 


Terbium. 


im. 


Mercury. 


Thallium. 


mium. 


Mica. 


Thorium. 


It 


Molybdenum 


Tin. 


»er. 


Nickel 


Titanium. 


mium. 


Niobium. 


Tungsten. 


lels and Glazes. 


Osmium. 


Uranium. 


im. 


Palladium. 


Vanadium. 


iim. 


Platinum. 


Yttrium. 


•a 


Potassium. 


Zinc. 


• 


Rhodium. 


Zirconium. 



Ucirus, — Alarms, Bells, Batteries. Carbons, Coils, Dynamos, Micro- 
ns, Measuring, Phonographs, Telephones, &c., 130 pp., 112 illustrations. 
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WORKSHOP RECEIPTS. 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 

250 Illostrationi, with Complete Index, and a C(eneral Index to the 

Four Seriee, 6s. 



Waterproofing — rubber goods, cuprammonium processes, miscellaneoiB 
preparations. 

Packing and Storing articles of delicate odoor or colour, of a deliquesces! 
character, liable to ignition, apt to suffer from insects or damp, or easilj 
broken. 

Embalming and Preserving anatomical specimens. 

Leather Polishes. 

Cooling Air and Water, producing low temperatures, making ice, cooliog 
syrups and solutions, and separating salts from liquors by refrigeratioiL 

Pumps and Siphons, embracing every useful contrivance for raising and 
supplying water on a moderate scale, and moving corrosive, tenadooS) 
and other liquids. 

Desiccating — air- and water-ovens, and other appliances for drying natoni 
and artificial products. 

Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 
perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding speciti 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Instruments — the preservation, tuning, and repair of pianos, 

harmoniums, musical boxes, etc. 
Clock and Watch Mending — adapted for intelligent amateurs. 
Photography — recent development in rapid processes, handy apparatus, 

numerous recipes for sensitizing and developing solutions, and applica* 

tions to modem illustrative purposes. 
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Crown 8vo, cloth, with 373 illustrations, price 5^^, 



WORKSHOP RECEIPTS. 

FIFTH SERIES. 



Containing many new Articles, as well as additions to Articles included in 

the previous Series, as follows, viz. : — 



Anemometers. 

barometers. How to make. 

!Coat Building^. 

C^amera Lucida, How to use. 

Clements and Lutes. 

<^ooling. 

<:opying. 

<^orrosion and Protection of Metal 
Surfaces. 

IDendrometer, How to use. 

3[^esiccating. 

^Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bells, 
Commutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa- 
ratus, Regulators, Electric Welding 
and Apparatus, Transformers. 
Evaporating. 
Explosives. 
Filtering. 

Fireproofing, Buildings, Textile Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

Glass Manipulating. Drilling, Cut- 
ting, Breaking, Etching, Frosting, 
Powdering, &c. 



Glass Manipulations for Laboratory 

Apparatus. 
Labels. Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Welding, 

Enamels for Iron and other Metals, 

Gold Beating, Smiths' Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereotyping. 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Waterproofing, 



y 



